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ABSTRACT 
Formation and Anatomical Distribution of Chlorophyll and 
Glycoalkaloids in Potato (solanwn tuberoswn L.) 
Tubers and Their Control by Physical 
and Chemical Treatments 
by 
Robert Bruce Jeppsen, Master of Science 
Utah State University, 1974 
Major Professor: Dr. D. K. Salunkhe 
Department: Toxicology 
Applications of growth regulators and modifications of light 
exposures were investigated regarding their abilities to curtail the 
normal development of chlorophyll and glycoalkaloids in potato tubers 
responding to light . Four growth regulators were sprayed on the 
foliage of potato plants 14 days prior to harvest, of which two 
I 
(Ethephon and N6 -Benzyladenine [N6BA]) successfully retarded chloro-
phyll and glycoalkaloids in the harvested tubers. When tubers were 
dipped in N6BA, lower concentrations of the !chemical promoted glyco-
alkaloid formation, while larger amounts we~e more inhibitory . When 
fluorescent lights were directed through colored cellophane filters, 
tubers receiving yellow and orange illuminations were inhibited in 
chlorophyll formation and those receiving green illumination were 
most reduced in production of glycoalkaloids . 
(102 pages) 
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INTRODUCTION 
Potatoes are highly rich in carbohydrate energy in the form of 
starch . They also contain substantial amounts of vitamin C, phospho-
rus; potassium, and calcium. - As a source of food they are economically . 
important, both in the United States and throughout the world. Accord-
ing to the United Nations. Statisti .cal Yearbook (Statistical Office of 
the United Nations, 1971-1972), the world potato production during 1970 
was 309,988,000 metric tons. The USSR and Poland were the major pro-
ducers, being followed by West Germany and the United States . Although 
the United States produced only 4.8 percent of the supply for the world 
market in 1970, the farm value for these potatoes amounted to 712.5 
million dollars (United States Department of Agriculture, 1972). 
Between the field and the display case many potatoes are discarded 
due to bruising, slic i ng by machinery, fungal deterioration or blight, 
and/or sunburn (greening). The potatoes that do arrive at the market 
are washed and displayed in well lighted showcases or are packaged in 
clean polyethylene bags to entice the customer to buy them. Unfor-
tunately, the same display practices which seek to make the product 
more attractive for marketing also induce greening of the tubers. 
Light exposure, which produces chlorophyll in the potato skin, 
also induces the synthesis of moderately toxic glycoalkaloids. These 
glycoalkaloids contain a trisaccharide moiety bonded to a steroidal 
alkaloid. Though they require light for synthesis, they are not linked 
to the same synthetic pathway as chlorophyll (Conner, 1937). Histori-
cally, the toxic entities .in solanaceous plants were all referred to 
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as solanine, but they are now known to include a-solanine, a-chaconine, 
leptines I and II, and leptinines I and II . 
These compounds are synthesized in the peridermal and cortical 
layers of the potato peel and are more concentrated at the apical end 
of the tuber and the eye regi ons than at the stem or basal end. 
Housewives have learned to avoid buying green potatoes because 
2 
they taste bitter . The off-flavor is really not due to the chlorophyll, 
but to the presence of glycoalkaloids in the same location (Hilton, 
1951). These compounds are not heat labile and any amount of boiling, 
baking, or frying will not inactivate the toxic effects . Character-
istic symptoms of poisoning by potato glycoalkaloids are gastrointesti-
nal irritation, nausea, vomiting, dilated pupils, and cardiovascular 
and respiratory depression . Also, cholinesterase inhibition and 
depression of the central nervous system are possible complications . 
In some instances of potato poisoning, deaths have occurred . 
With the increased utilization of potato products, continuous 
breeding programs have been cond~cted in search of better tubers for 
baking, mashing, chipping, and freezing . In 1967 the cultivar Lenape 
was released which seemed excellent for chipping. It had high specific 
gravity, low sugar content, was immune to virus A, and possessed re-
sistance to common races of late blight. Propagation was conducted 
for two years, until in 1969 the tubers of Lenape were found to contain 
approximately twice the level of glycoalkaloids as were contained in 
other commercial cultivars. Early in 1970 Lenape was withdrawn from 
production by both the United States and Canadian Departments of Agri-
culture (Anonymous, 1970). This withdrawal has initiated many new 
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investigations into the toxicity, physiology, and control of potato 
glycoalkaloids. 
The control of chlorophyll and/or glycoalkaloid synthesis in po-
tato tubers may be accomplished in three ways: (1) breeding for better 
genetic characteristics, (2) physical modification of the environment, 
and (3) chemical modification of the individual tuber. Of these 
methods, the best and most lasting is probably genetic selection. How-
ever, the breeding of any animal or plant has always been hampered by 
the inability to select for and get all of the characteristics desired, 
as illustrated by the unfortunate experience which occurred with the 
cultivar Lenape. Also, long development periods usually cause the 
first attainable plants to be excessively expensive. If a physical 
or chemical control of chlorophyll and the glycoalkaloids could be 
accomplished in tubers already possessing their own desirable charac-
teristics, perhaps both time and money could be saved. The effects 
of chemical and physical treatments might also help reveal the bio-
synthetic pathways of the glycoalkaloids in potato tubers and suggest 
other methods of inhibition. 
The investigations presented in this thesis were undertaken to 
study the effects of chemical growth inhibitors on light-induced syn-
thesis of chlorophyll and glycoalkaloids in potato tubers with prehar-
vest foliar spraying being used in an effort to induce such inhibition. 
Anatomical studies and thin-layer chromatography (TLC) studies were 
attempted to further investigate the effects of dipping tubers in N6 -
Benzyladenine (N6BA) on light-induced syntheses of the glycoalkaloids. 
The effects of different wavelengths of light of equal intensities and 
their effects on the development of chlorophyll and glycoalkaloids were 
also examined. 
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REVIEW OF LITERATURE 
Morphology of the Potato Tuber 
All edible cultivars of potatoes are derived from the Species soi-
anum tuberosum L. of the Solanaceae family of plants. This family is 
represented by many poisonous members, including Deadly Nightshade 
(SoZanum duoamara L.) and Jimson Weed (Datura stramonium L. ). SoZanum 
tuberosum L. itself is poisonous, especially in its above-ground parts. 
However, the edible tuber, which plays such an important part in the 
dietary habits of the world, is much lower in concentrations of the 
poisonous substances than the foliage part of the parent plant. Abuses 
of wounding, bruising, or light-burning induce the biosynthesis of the 
poisonous alkaloids. 
The tuber develops at the distal end of a rhizome or underground 
stem of the potato plant (Reeve, Hautala, and Weaver, 1969a). Before 
any circumferential enlargement occurs, the tip resembles an apical 
bud of an aerial stem in morphological features; i.e., epidermis, 
cortex, a stele of xylem and phloem, and a central pith core. Both 
potato stems and tubers exhibit the unusual trait of phloem differ-
entiation occurring externally and internally to the xylem. Most of 
the tuber growth is due to enlargement of the perimedullary zone 
between the pith and the xylem. This occurs as parenchyma cells are 
formed inwardly to the xylem ring. Parenchyma formation markedly 
decreases when the tubers reach 2 to 3 cm in diameter and most addi-
tional tuber growth is accomplished by cell enlargement. External 
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and internal features of the potato tuber are illustrated in Figures 
1, 2, 3, 4, and 5. 
Although the bulk of tuber size is attributed to the thick peri-
medull ary zone, Reeve, Hautala, and Weaver ( 1970) reported that ha 1 f 
of the total solids in White Rose and over 40 percent of those in 
Russet Burbank potatoes were distributed in the cortical tissue . In 
mature tubers the general gradients for specific gravity, percent 
total solids, and percent total nitrogen decreased from stem (basal) 
end to bud (apical) end in the cortex and, as smaller gradients, in 
the perimedullary and pith tis ,sues . Cubic protein crystals were 
abundant throughout the outer cortex of both young and mature tubers 
(Artschwager, 1924). Potassium, phosphorus, citric acid, and ascorbic 
acid all increase from basal to apical end (Reeve, Hautala, and Weaver, 
1969b). The concentrations of the glycoalkaloids are high in very 
young tubers, but occur mainly in cortical tissue near and in buds 
of mature tubers. If the syntheses of glycoalkaloids are induced· in 
mature tubers, they concentrate more in the apical cortex than in the 
basal cortex. 
A mixture of the poisonous glycoalkaloids was first discovered 
by Desfosses (1820) in the juice of expressed berries of the Black 
Nightshade (So'lanumnigrum L.) . Shortly thereafter, Baup (1826) 
isolated them from Potato plants (soianum tuberosum L. ) . Since these 
early investigations, they have been determined in many So'lanum species 
and other genera of Solanaceae, notably Lycopersicon, which includes 
the tomato plant . Usually the glycoalkaloids are disposed in regions 
of high metabolic activity; i.e . , meristematic regions and areas of 
recent chlorophyll formation . Hence, Wolf and Duggar (1940) noticed 
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I Figure 1. Drawing of typical intact potato tuber in three views. 
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PERIDERM --------o 
BUD---- .... 
PERIMEDULLARY 
ZONE 
7 
APICAL END 
BASAL END 
Figure 2 .. Longitudinal section of typical potato tuber showing internal 
regions . [Colored dots indicate concentrations of chloro-
phyll (green), a-solanine (red), and a-chaconine (blue) o] 
PERIDERM-------.. ,------- PITH 
CORTEX------... r----PITH BRANCH 
XYLEM----- .... 
PERIMEDULLARY ZONE 
CROSS SECTION 
Figure 3. Cross section of typical potato tuber with labeled internal 
regions . [Colored dots indicate concentrations of chloro-
phyll (green), a-solanine (red), and a-chaconine (blue) . ] 
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Figure 4. 
BLARGEMENT OF SECTION "A" 
PHELLEM- - -<. 
PHELLODERM 
SOLANJ NE - RED 
CHACONINE - BLL.C 
CH..ClfD>HYLL - GREEN 
Cross sect i onal enlargement of a bud region on a typical 
potato with labeled internal regions , [Color key is 
indicated on the photograph.] 
8 
Figure 5. Further enlargement of the bud region shown in Figure 4 
showing brick-shaped phellem cells and larger cortical 
parenchyma cell. [A sieve-tube element of the phloem and 
some xylem vessels are indicated . Note the concentrations 
of a-solanine (red) and a-chaconine (blue) around the 
xylem region.] 
9 
10 
high glycoalkaloid contents in leaf buds and young leaves down to about 
the eighth node. Others noticed hi gh concentrations in eye or bud 
regions of the tuber (Wolf and Duggar, 1940; Hilton, 1951; Reeve, 
Hautala, and Weaver, 1969b). Glycoalkaloid levels in the leaves and 
stems of the potato plant fluctuated throughout the growing season, 
but decreased sharply at maturi ty (Wolf and Duggar, 1946). The tubers 
were the only organs to show a steady accumulation of total glyco-
alkaloids per tuber over the entire period. Their translocation was 
thought to occur from the aerial portions of the plant which, as the 
tubers grew, would dilute the percentages of the glycoalkaloid mixture 
on a total weight basis . However, even assuming all the glycoalka-
loids found in the tuber upon final sampling were supplied via 
translocation from the shoots, only a small fraction of that which 
disappeared from the aerial organs could be accounted for in the tubers . 
This implies that these alkaloids were metabolized at the end of the 
growing season and were not produced as a 11dead-end11 waste product 
of metabolism. 
Some alkaloids have been found to protect plant tissues against 
insect infestations (Shreiber, 1957) and fungi (Fontaine et al . , 1948; 
Allen and Kuc, 1968). The surv i val times of nymphs of Potato Leaf-
hopper, Errpoasca fa bae Harri s, were reduced by leptine I and rates of 
initial feeding by the nymphs were reduced with additions of leptine I 
and solanine in laboratory feeding exper iments (Dahlman and Hibbs, 
1967). Leptines, leptin i nes, demi ssine, and to some extent solanine 
all discouraged imbi bit i ons on potatoes by the larva of the Colorado 
Potato Beetle, Lept i not ar sa deceml i neata Say (StUrckow and Low, 1961). 
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Biosyntheses of Chlorophyll and 
Solanum Glycoalkaloids 
11 
The name 11chlorophyl1 11 is applied to all classes of photosynthetic 
porphyrin pigments (Aronoff, 1966). The term porphyrin includes the 
entire class of closed, completely conjugated tetrapyrroles. All four 
pyrrole rings of a porphyrin arise from a single pyrrolic compound, 
porphobilinogen (PBG), which is formed by the condensation of two 
molecules of o-aminolevulinic acid (ALA). The ALA arises from the 
combination of succinyl coenzyme A and glycine, or possibly from a-
ketoglutaraldehyde and alanine (or glutamate) . Four molecules of PBG 
are joined to form a cyclic tetrapyrrole and side chains are modified 
resulting in protoporphyrinogen (Protogen) which is oxidized to proto-
porphyrin (Proto). Magnesium is then incorporated to form magnesium 
Proto which is the primary substrate for a series of reactions term-
inating in chlorophyll formation (Bogorad, 1965). 
Details . of solanine synthesis are still being worked out. Pre-
liminary studies were initiated about 1958 at the Bakh Institute of 
Biochemistry, Academy of Sciences of the USSR, Moscow, by Guseva and 
his colleagues (Guseva, Paseshnichenko, and Borikhina, 1961, 1963)" 
Through several precursor studies utilizing radioactive labeling, they 
determined that the trisaccharide portion of the glycoalkaloid was 
formed before the steroidal aglycone, Also they found that the agly-
cone could be synthesized from units of mevalonic acid which passed 
through a squalene stage before fruition in its steroidal form. 
Experiments by Liljegren (1971) also agreed that sugar substitution 
was the last step in the synthesis of solasonine and solamargine--that 
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12 
is, the steroidal moiety was complete before substitution occurred. 
Studies with D-glucose-U-14 C by Jadhav et al . (1973) further indicated 
that the end products of photosynthesis were not direct precursors of 
the steroidal moiety, but did participate as substituted sugars in the 
glycoalkaloids. The incorporation of the label into the sugar fraction 
was nearly nine times higher than in the aglycone. 
Toxicology and Pharmacology of 
Solanwn Glycoalkaloids 
While the solanaceous glycoalkaloids show some function in the 
plant as insecticides and fungicides, they may similarly cause detri-
mental effects in larger animals and man. In 1918, Harris and Cockburn 
reviewed some cases of potato poisoning in man. A report from Germany 
in 1899 proposed that the poisoning of 56 men in a Berlin garrison was 
due to ingestion of potatoes found to contain excessive amounts of 
glycoalkaloids. In Great Britain the deaths of two boys were attrib-
uted to the ingestion of glycoalkaloids because the post mortem 
revealed small pieces of potato peelings which possessed eyes, showing 
evidence of sprouting; however, the suspected potatoes never were 
analyzed. A third report reviewed numerous cases occurring in Glasgow 
in November, 1917. A total of 61 persons was affected. The potatoes 
suspected of toxicity contained five to six times the normal amounts 
of glycoalkaloids . 
Hansen (1925) cited many occurrences of potato poisoning to 
animals--cattle, pigs, horses, and chickens. He reported a well docu-
mented case that occurred in 1924 in Illinois where seven members of 
a family of nine were poisoned by green potatoes, resulting in the 
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deaths of two family members. Six physicians that were assigned to the 
case ruled out other possible causes of the sickness exclusive of 
glycoalkaloid poisoning. The symptoms of nausea, vomiting, abdominal 
pain, depression, apathy, and exhaustion were exhibited in this case 
and were similar to the symptoms described in the poisoning of the 56 
Berlin soldiers mentioned earlier . 
Willimott (1933) cited many cases of solanine poisoning on the 
Isle of Cyprus where potato leaves and shoots were being used as feed 
for sheep, goats, and sometimes oxen. Local families also utilized 
the sprouts for salads. Numerous other incidents of potato poisoning 
have been reported in various articles (Bomer and Mattis, 1923; 
Griebel, 1923; Damon, 1928; Wilson, 1959; Zitnak, 1970). 
Pharmacological studies of SoZanwn glycoalkaloids began just prior 
to the turn of our century. In 1895, 75 years after the discovery of 
toxic glycoalkaloids in potatoes, Meyer attempted to determine the 
digestive utilization of such alkalo i ds in the dog. He was unable to 
isolate any glycoalkaloid or its metabolite from the urine of a dog 
that had been fed 0.1 gm of the alkaloidal mixture per day for 10 days. 
Feeding was done by stomach tube, as the dog would not willingly take 
the concoction . Nishie, Gumbmann, and Keyl (1971) fed rats an oral 
dose of 5 mg/kg tritiated solanine. After 24 hours only 10 percent 
of the dose remained in the animals . Excretion was 6 percent in the 
urine and 72 percent in the feces . After 4 days, 94 percent of the 
radioactive dose had been excreted--nearly 10 percent via urine and 
84 percent through feces . When tritiated solanine was administered to 
rats, the residual radioactivity after 4 days was distributed in the 
kidneys, liver, spleen, lungs, abdominal fat, blood, heart, and brain, 
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in descending order. From these results, among others, the investi-
gators explained the low oral toxicity of solanine as due to (1) poor 
absorption from the gastrointestinal tract as evidenced by low blood 
concentration, (2) rapid urinary and fecal excretion of metabolites, 
and (3) gastrointestinal hydrolysis of solanine to solanidine which 
they thought less toxic . 
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Much of the literature on solanine toxicities refers to the defi-
nition of lethal doses and sensitivities of various animals to solanine . 
RUhl (1951) indicated that an oral (po) dose for humans of 200 mg 
(about 2,8 mg/kg) caused hyperesthesia, drowsiness, itchiness in the 
neck region, and dyspnea; higher doses caused vomiting and diarrhea . 
A dose as small as 20-25 mg was considered toxic to humans by Wilson 
(1959) . Konig (1953) found 500 mg/kg given orally (po) and 50 mg/kg 
given intravenously (iv) were lethal to sheep. Toxic doses were 225 
mg/kg po and 17 mg/kg iv . When pregnant rats were fed a diet contain-
ing 10 percent potato sprouts, all pups in 18 of 33 litters born were 
dead before reaching weaning age. Only 1 of 11 control litters was 
lost (Kline et al . , 1961 ) , 
Nishie, Gumbmann, and Keyl (1971) also found a potency difference 
between oral (po) and intraperitoneal (ip) administrations of solanine 
in the animals they tested . Mice receiving an ip dose of solanine had 
an LD50 of 42 ± 1. 8 mg/kg in 7 days. A dose of 1000 mg/kg given po was 
found ineffective. The aglycone solanidine was determined nontoxic to 
mice at an ip dose of 500 mg/kg. The LD50 of chick embryos was 18. 8 
± 1 mg/kg over day 4 through day 22 of incubation, after injection into 
the yolk sac on day 4 of incubation. An ip dose of 20 mg/kg of solanine 
was fatal to one rabbit overnight and another rabbit treated with 30 
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mg/kg ip died within 6 1/4 hours. In rabbits receiving 10-30 mg/kg 
solanine ip, the respiratory rate increased 17-56 percent above control 
in the first 1-1. 5 hour and decreased 18-76 percent below control in 
the 2,5-6 hour period . The early tachypnea caused synchronous whole-
body movement, and the terminal drop in respiratory rate was associated 
with a cyanotic state . A comparison of the amplitude of contractions 
of guinea pig ileum strips showed that solanine at levels of 50 and 
100 µg/ml was comparable to 0.005 and 0.01 µg/ml of acetylcholine . 
Patil et al , (1972) found an ip dose of 50 mg solanine/kg to be 
lethal to mice within 1-3 hours . A dose of 10 mg/kg elicited the same 
symptoms but caused no deaths. The LD50 was calculated at 32. 3 mg 
solanine/kg body weight. These same researchers further investigated 
some antagonistic and synergistic influences of drugs on solanine 
toxicity . Doses of 2 mg atropine sulfate/kg, pargyline hydrochloride 
(5 mg/kg), and amphetamine sulphate (5 mg/kg) were administered by ip 
injection 30 minutes prior to injection of 40 mg solanine/kg . Death 
rates were 5/10, 8/9, and 10/10, respectively. Mice receiving am-
phetamine were extremely active and continued to be so after solanine 
injection--however, all died. Atropine reduced the lethal effects of 
solanine best with a reduction of death rate from 9/10 (without prior 
atropine) to 5/10 (with prior atropine) . Satoh (1967) found solanine 
to i~crease blood sugar levels in intact rats, but this hyperglycemic 
effect was prevented by pretreatment with either adrenergic blockers 
or respirine. Chlorpromazine was not effective, however. Considerable 
sex difference was found in solanine-induced hyperglycemia. Nishie, 
Gumbmann, and Keyl (1971) pretreated groups of 10 mice with 50 mg/kg 
ip sodium pentobarbitol and then graded ip doses of solanine. The 
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only significant increase in sleeping time at the 5 percent probability 
level occurred at 20 mg/kg solanine. 
Nishie, Gumbmann, and Keyl (1971) also monitored electroencephalo-
gram (EEG) and electrocard i ogram (ECG) signals along with respiration 
to determine character i st i cs of death . In rabbits, death was preceded 
by a specific initial appearance of an i soelectric EEG tracing con-
comitant with a decreased respiratory rate . Breathing and EEG signals 
stopped simultaneously, indicating an initial depression of the central 
nervous sytem. The heart kept beating several minutes until terminal 
ventricular fibrilation occurred o Deep cyanosis and semiconsciousness 
preceded death . 
Lahiri, Maiti, and Chatterjee (1966) also noticed a central de-
pressant action for a glycoalkaloid fraction obtained from Solanum 
auriculatum Ait . Injection of the compound into mice and rats caused 
hypothermia, prolongation of pentobarbitone sleeping time, protection 
against amphetamine toxicity, and reduction of stress lymphocytopenia. 
Additional experiments (Nishie, Gumbmann, and Keyl, 1971) with 
an electrically driven frog ventricle indicated a similarity of solanine 
effects to effects of the cardiac glycoside, K-strophanthoside. The 
aglycon solanidine elicited only about one-fifth the activity of sol-
anine on a molar basis . All three compounds caused more forceful 
contractions, but slowed the rate of contractions by half the normal 
amount. High concentrations of solanine produced terminal contracture 
of the heart . 
In 1958, Orgell, Vaidya, and Dahm encountered some unexpected 
problems while attempting to determi ne residues of organic phosphate 
insecticides by a method of cholinesterase inhibition . Extracts from 
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SoZanum tuberosum L. tissues that had not been treated with insecti-
cides gave a positive test o In further studies of potato tubers, they 
determined the peel to have 10-40 t imes the concentration of inhibitor 
present in the innermost flesh . Although they found similar inhibi-
tor(s) in many other members of the potato family, including foliage 
and roots of Tomato (Lycopersicon escuZentum Mill . cv. corrunune Bailey), 
fruit of Egg Plant (SoZanum meZongena L. ), leaves of Tobacco (Nicotiana 
tabacum L. ), leaves and flowers of Petunia (Petunia hybrida Vilm.), and 
leaves of Jimson Weed (Datura stramonium L.), the speculation of ster-
oidal amine glucoside(s) being the cause of inhibition was avoided. 
Later, in a letter to the editor of Science, Zitnak (1960) proposed 
that the crude procedures of extraction used by Orgell, Vaidya, and 
Dahm (1958) would not warrant the dismissal of solanine (or solanidine 
in its numerous forms) from suspicion of cholinesterase inhibition . 
He further cited that the distribution of potato inhibitor and that of 
solanine were the same. 
Using the original findings of Orgell, Vaidya, and Dahm (1958), 
Harris and Whittaker (1959) investigated the inhibitor in potato tubers 
as to relative cholinesterase inhibition on three genetically different 
forms of human serum cholinesterase . The potato extract discriminated 
between the three groups as sharply as did the dibucaine controls. 
Identity of the serum cholinesterase inhibitor in potato was not 
attempted. Later the same authors (Harris and Whittaker, 1962) per-
formed similar experiments using solanine and solanidine as inhibitors 
of human serum cholinesterase and showed that the mean inhibitions of 
potato extract on three phenotypes of human serum cholinesterase were 
similar to that of a mixture of solanine and solanidine . 
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Orgell (1963) made a survey of the relative inhibitory capabil-
iti es of 139 alkaloids, glycosides, and simil ar compounds on human 
plasma cholinesterase . Two carbamates, Neostigmine and Physostigmi ne, 
were much more toxic to the enzyme system than anything else tested, 
with rel at ive inhibitory values of 239.0 and 1850.0, respectively 
(Quinine = 1.0) . Sempervirine was next most toxic, though considerably 
less than the previous two wit h a relative value of 27. 2, Next followed 
leptine I (9.9), solanine (8.6), and demissidine (7.0) . Lobeline had 
a value of 3. 8 and harmalol was 2. 3. All other chemicals tested were 
near or below 1. 0, 
Patil et al . (1972) studied the effects of solanine on plasma and 
erythrocyte inhibition in rabbits and the effects of cumulative doses 
of solanine on acetylchol i nesterase i n a dog. Their investigations 
typified solan i ne as a weak-to-moderate inhibitor of both specifi c 
and nonspecific cholinesterase in the rabbit . Generally there was less 
inhibition of cholinesterase i n the erythrocytes than in the plasma in 
vivo. In a dog, small doses of sol anine led to a quick inhibition 
followed by rapid recovery of serum cholinesterase. Red cell cholin-
esterase was not inhibited . 
Recently, Renwick (1972) introduced an hypothesis suggesting that 
blighted potatoes mi ght be tetratogenic if eaten by pregnant women in 
the first month afte r conception. The two bi r th defects concerned 
were anencephaly and spina bifi da. Anencephaly is character i zed by 
the absence of the cranial vault wit h cerebral hemi spheres completely 
missing or reduced to small masses attached to the base of the skull. 
This anomaly is always fatal . Spina bifi da is character i zed by a 
cleft or abnormal opening in the bony encasement of the spi nal cord. 
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Nerves supplying the legs, anus, and bladder are often involved . Ren-
wick noticed that bad blight years seemed to precede bad anencephaly 
and spina bifida (ASB) years . He postulated that the potatoes which 
could survive the bl i ght for later consumption may have had a high 
level of genetic antifungal compounds, and at least one of these com-
pounds might induce tetratogenesis in man. 
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Poswillo, Sopher, and Mitchell (1972) tried a more objective study 
of the ASB-potato blight relation by feeding pregnant rats and marmo-
sets a blighted potato concentrate. The rat embryos showed no macro-
scopically recognizable ab~ormalities in the blighted potato group, 
but in the marmosets, 4 of the 11 foetuses recovered by hysterectomy 
showed gross abnormalities on macroscopic examination . The most severe 
defects were found in foetuses which had been conceived after the 
longest period of preconception exposure to the blighted potato con-
centrate . The abnormalities were of a cranial dysplasia nature . The 
oldest foetuses which had received the least preconception exposure 
showed no macroscopic evidence of abnormality. Eleven foetuses in the 
control group revealed no gross abnormalities in any system. The 
results of this investigation further implicated blighted potatoes 
in the tetratogenic formations of anencephaly and spina bifida . 
The controversy rages, however. Potato growers and marketers have 
not readily accepted an idea which makes their product an abhorrence . 
Some scientists have disparaged Renwick1 s hypothesis as 11premature11 
and 11alarmisC (Ansell, 1972), while others have risen to defend him 
(Elwood, 1972). However, the scientific approach is to reserve judg-
ment on new hypotheses until further experimentation either verifies 
or discredits the original assumpti on. If solanine or another 
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glycoalkaloid is truly at fault, then all possible steps should be taken 
to reduce or prevent the biosynthesis of this compound in potatoes. 
Cul ti var 
Factors Affecting Formation of Chlorophyll 
and soianum Glycoalkaloids 
The disposition to synthesize large amounts of glycoalkaloids may 
depend on the habit of the plant as well as its innate metabolism. 
Some potato cultivars form their tubers close to the surface of the 
soil, making 11sunburning11 a likely occurrence . In this case, breeding 
for deeper tuber formati on or constant cultivation to keep the hills 
buried would be the easiest solutions to the problem. 
Other investigations have compared the formation of glycoalkaloids 
in various cultivars without regard to tuber position. As early as 
1946, Wolf and Duggar measured glycoalkaloids in the tubers of three 
cultivars over the last 70 days of the growing season. Not only did 
the cultivars differ in glycoalkaloid contents at any one time of the 
season, but total amounts in any one tuber varied throughout the growth 
season . In 1958, Gull and Isenberg demonstrated that the intensities 
of chlorophyll would not preclude proportional amounts of glycoalkaloids . 
Other authors concurred with these findings in studies of many different 
cultivars (Liljemark and Widoff, 1960; Patil, Salunkhe, and Singh, 1971). 
In genetic studies of parent potato cultivars and their F1 and F2 
hybrids, Sanford and Sinden (1972) determined that the total glyco-
alkaloid content seemed to be genetically controlled by the same factors 
in each cross i n a polygenic, highly heritable manner, 
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Environment--location and climate 
Presently, both the location of the cultivated potatoes and the 
climat i c conditions relative to the area are considered to contribute 
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to the capabilit i es of the tubers to synthesize glycoalkaloids . Sinden 
and Webb (1972) studied the total glycoalkaloid contents of five com-
mercial cultivars and 11Lenape11 in 39 different locations in 28 states . 
Large variations of the glycoalkaloids in the five commercial cultivars 
within any single location were rare, and therefore, variations through-
out many locations were considered significant . 
Injury and pre-processing treatment 
Wounded potat oes show an increased production of glycoalkaloids 
(McKee, 1955). Bruising due to mechanical grading after harvest also 
induces glycoalkaloid formation (Sinden, 1972). Salunkhe, Wu, and 
Jadhav (1972) considered the synthesis of solanine in injured tubers 
as the natural response of a physiological defense mechanism in 
basically-wounded tissue , Caution was expressed in situations involv-
ing holding slices, cubes, mash, strings, strips, and shreds from 
potatoes for long periods of time before cooking or dehydration . If 
solanine were allowed to accumulate in such tissues, it could not be 
destroyed by subsequent boiling, baking, or frying. 
Maturi ty and specific gravity 
Potatoes which are immature have previously shown a disposition 
to early or easy greening on exposure to light (Bomer and Mattis, 
1923; Yamaguchi, Hughes, and Howard, 1960b; Hardenburg, 1964). Within 
the tuber, itself, is a gradation of response to greening factors, 
with the apical end usually being more green than the stem end (Howard, 
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Yamaguchi, and Timm, 1957). The fact that the apical end of the tuber 
has a lower specific gravity than the stem end (Thiessen, 1947) sug-
gested specific gravity as an indicator of relative maturity . Later 
studies agreed with this assumption (Salunkhe and Pollard, 1954; 
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Talburt and Smith , 1959). In order to relate specific gravity and, 
therefore, maturity with actual chlorophyll and glycoalkaloid synthesis, 
Patil , Salunkhe, and Singh (1971) separated a population of Kennebec 
potatoes into three groups by their specific gravities; i . e . , 1.06-
1.08, 1.08-1. 10, and 1. 10 and above. The potatoes were illuminated 
and chemical analyses performedo Chlorophyll development was found 
i nversely proport i onal to specific gravity and, therefore, directly 
proporti onal to maturit yo Solanine synthesis appeared to be independent 
of specific gravi ty variations within the tubers . Conversely, Sinden 
and Webb (1972) obtained higher than normal solanine concentrations 
in immature potatoes . 
Storage and temperature 
In 1958 Gull and Isenberg observed that the four varieties of 
potatoes with whic h they were worki ng (Kennebec, Cherokee, Katahdin, 
and Red Pontiac) all greened progressively less as length of storage 
increased . They thought this may have been due to suberization . In 
a late r report, Gull and Isenberg (1960) noticed less greening after 
8 months storage at 4.5 C than after 3 months storage , Although glyco-
alkaloid synthesis was less affected by light after the longer storage 
period, the alkaloidal content was considerably higher. This increase 
was thought to be of meristematic origin (i . e . , sprouting), as most 
of the accumulation of glycoalkaloids was in the vicinity of the eyes , 
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That same year, Yamaguchi, Hughes, and Howard (l960b) described 
a thorough study made on storage t ime and temperature and the resulting 
disposition for chlorophyll formation . In tubers (White Rose cultivar) 
receiving no previous storage treatment, but illuminated at various 
temperatures, greening was slow at low temperatures and rapid at high 
values (range 5-25 C). After 18 days of storage at various tempera-
tures and subsequent illumination at these same temperatures, chloro-
phyll formation was still low at 5 C. However, both 20 C and 25 C 
temperatures developed less chlorophyll than 15 C. If tubers were 
stored at these temperatures and then warmed to room temperature for 
illumination, the tubers kept at 5 C developed the most chlorophyll. 
The other temperatures had proportionately less influence on chloro-
phyll production, with 30 C developing the least amount. A recondi-
tioning peri od of holding tubers at a higher temperature after cold 
storage was somewhat successful in retarding chlorophyll synthesis 
upon illumination. In order to duplicate the amount of greening in 
tubers stored at 20-30 C, those kept at 5 C for 17 days required a 
reconditioning period of 36 hours at 20 C. At all of the experimental 
temperatures, the rate of greening decreased as time of reconditioning 
i ncreased . Buck and Akeley (1967) also found similar results with 
storage temperatures of 4. 5, 12. 8, and 21 C followed by immediate 
ill umination at 21 C. The dispos ition to green more at lower storage 
temperatures was observed in each of six cultivars investigated. 
Light exposure--intensity, 
quality, and duration 
Of all the factors which induce the formation of chlorophyll and/ 
or glycoalkaloids in potato tubers, the most important is exposure to 
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light. With many of the previously mentioned factors, light was a 
concomitant variable . The light source may be sunlight, ultraviolet 
(UV) light, fluorescent light, or incandescent light . Environmental 
factors, handling procedures, and marketing conditions of potatoes 
will, of course, modify the effects of these light sources on chloro-
phyll and glycoalkaloid synthesis . 
Conner (1937) found that his old tubers in storage responded very 
little to indoor illumination, while freshly dug tubers exposed to 
direct sunlight increased in glycoalkaloid content up to 10 times 
their previous amounts. While this difference may have been due to 
senescence of the stored tubers, the great difference in illumination 
intensities could have been an important factor . Gull and Isenberg 
(1958) studied the greening effects of four different fluorescent 
light intensities on three different cul tivars. Although the culti-
vars varied in response to each increase in intensity, their greening 
capabilities remained proportional, with Kennebec highest, Cherokee 
middle, and Katahdin lowest . The amount of greening occurring at 25 
ft-c (269 lux) 1 was significantly less than at 50 ft-c (538 lux), but 
there was no apparent difference observed in the amount at intensities 
of 50 or more ft-c (538 or more lux) . 
1Definitions of photometric units: 
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Footcandle (ft-c ) = the illumination on a surface 1 ft 2 in area on 
which there is a uniformly distributed flux of 1 lumen. 
Lux = the International System (SI) unit of illumination defining 
the illumination on a surface 1 m2 in area on which there is a uni-
formly distributed flux of 1 lumen. 
Lwnen = the luminous flux on a unit surface all points of which 
are at uni t distance from a uniform source of l candela . 
Candela= the SI unit of luminous fntensity comprising 1/60 cm2 
of the projected area of a black body radiator operating at the 
temperature of freezing platinum (2042 K). 
Source: Weast, 1971, p. E-185. 
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Liljemark and Widoff (1960) exposed tubers over a range of 2. 3-333 
ft-c (25-3600 lux) and found a continuous increase in chlorophyll pro-
duction . When a taste test was conducted on the tubers, bitterness 
was also found to increase as light intensity increased . Patil, 
Salunkhe, and Singh (1971) measured the chlorophyll and glycoalkaloid 
contents of Kennebec potatoes after exposure to four different light 
intensities . Over the range of 50-200 ft-c (538-2152 lux), chlorophyll 
production nearly doubled from 50-100 ft-c (538-1076 lux); but at 200 
ft-cit had returned to the same amount as at 50 ft-c. The production 
of glycoalkaloids remained the same at 50, 100, and 150 ft-c (538, 
1076, and 1614 lux), but rose at 200 ft-c (2152 lux) . 
In addition to the intensity of light, its quality is an important 
aspect affecting chlorophyll and glycoalkaloid formation . Conner 
(1937) was interested in the possible utilization of glucose in sol-
anine synthesis o To study this relationship he placed colored glass 
filters between a light source and the exposed potato tubers . Blue 
and ultraviolet wavelengths were more significant in production of 
glycoalkaloids besides the bare mercury arc . Green wavelengths were 
most inhibitory . Red and infrared spectra were more productive than 
green, but much less than blue or UV, Since red light was most sig-
nificant in glucose and chlorophyll development, but not as much in 
the production of glycoalkaloids, Conner concluded that neither glucose 
nor chlorophyll were induced by the same wavelength as the glyco-
alkaloids o Ultraviolet rays of about 0. 3 mµ were the most effective 
in alkaloid formation . 
Gull and Isenberg (1958) used clear, red, blue, and yellow poly-
ethylene bags around potatoes and illuminated them with 75 ft-c (807 
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lux) for 60 hours. No significant greening variations were found 
either among the four polyethylene filters or the four cultivars of 
potatoes tested . In addition, the potatoes could not be seen adequately 
through the colored cellophane bags. Concurrently, even the small 
amounts of light reaching the tubers were sufficient to activate 
chlorophyll formation . Yamaguchi, Hughes, and Howard (1960a) studied 
light quality on chlorophyll development in White Rose potatoes by 
utilizing various colors of fluorescent lights, polyethylene films, 
and cellophane . However, the light intensity in foot-candles .under 
the various filters was not regulated to a standard amount, and chloro-
phyll contents were, therefore, not dependent merely on light quality. 
In addition, the potatoes were stored for several weeks awaiting their 
turn under the lights, and this may have had an effect on chlorophyll 
production as reported earlier (p. 23). Liljemark and Widoff (1960) 
used fluorescent lamps giving blue, green, red, and daylight types of 
light, with lamps being adjusted to the same illumination intensities 
(18.5 ft-c or 200 lux) . Potato tubers were exposed for 10 days. In 
red and green light the chlorophyll contents rose to about three times 
the zero time level, while in blue light they rose to about five 
times--nearly as much as in the daylight type . Responses of chloro-
phyll in three tuber cultivars (King Edward VII, Majestic, and Bintje) 
to the different wavelengths were peculiar to each cultivar, as was 
daylight . 
The duration of light exposure is another factor interrelated 
with intensity and quality which influences the effects of light on 
the development of the glycoalkaloids and chlorophyll, with much var-
iability being observed. The rates of synthesis are probably due to 
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cultivar diversity , This has been demonstrated by Liljemark and Widoff 
(1960). When King Edward VII cv. was illuminated at 6 ft-c (65 lux) 
under daylight, blue, green, and red light, chlorophyll accumulation con-
tinued to increase over a 20-day period o When Majestic cv. was treated 
likewise, chlorophyll increased sharply to the tenth day, then decreased 
between the tenth and twentieth days. Bintje rose very slowly i n chloro-
phyll over the ent ir e 20 days. The characteristics of the glycoalka-
loids resembled chlorophyll behavior in these examples, In that same 
year, Yamaguchi, Hughes, and Howard (1960a) reported the effects of 
different colored fluorescent lights on the formation of chlorophyll on 
White Rose tubers. Green and gold fluorescent lights were the most 
effective in reducing chlorophyll formation over that of the control 
(cool white standard) . A second publication by Yamaguchi, Hughes, and 
Howard (1960a) related temperatures of storage and illumination to green-
i ng. All greening increased as exposure time increased, regardless of 
whether the samples were illuminated at the temperature of the room or 
the storage temperatures " Gull and Isenberg (1960) noticed a leveling 
off of both glycoalkaloid and chlorophyll accumulations after 4 days of 
light exposure. Patil, Singh, and Salunkhe (1971) found stabilization 
in total chlorophyll after the tenth day of illumination. Glycoalkaloids 
reached a plateau at 6 days and began a slow decline after the tenth day. 
Genetics 
Prevention of the Formation of Chlorophyll 
and Solanwn Glycoalkaloids 
The presence of solanine and similar glycoalkaloids in solanaceous 
plants has long been considered as a possible internal defense system 
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against insect and/or fungal invasion . Subsequently, earlier publica-
tions disregarded the interrelationship of greening, high glycoalkaloid 
content, and resultant high bitterness and abject toxicity in potato 
tubers, which led to the belief that any genetic crossing which yielded 
a tuber low in greeni ng but high i n disease resistant factors would 
be invaluable to the marketing industry . More recent experimenters 
have recognized the paradox of high disease resistance and high toxicity 
in genet i c practices. Sanford and Sinden (1972) sought hybrids possess-
ing a split inheritance; i . e . , glycoalkaloid traits which were low in 
tubers but hi gh in the leafy portions of the plant . Whether the plant 
will be capable of such mani pulation remains to be seen. 
Cold storage 
Earlier workers have noticed the helpfulness of cold storage in 
most all provisions in whic h reduction of metabolic activity aids in 
preservation . Cold sto rage of potatoes has been previously mentioned 
in conjunction with subsequent light effects (Yamaguchi, Hughes, and 
Howard, l 960b). 
Packaging 
The best kinds of packaging to reduce greening and alkaloidal 
production are those which allow for the greatest diffusion of water 
vapor and produce the most darkness . Lutz, Findlen, and Ramsey (1951) 
found the best protect i on against tuber greening through the use of 
solid paper bags. Obscured potatoes are not conducive to marketing 
and consumer preferences, however. Nonperforated polyethylene bags 
were the least effective in reducing greening and also provi ded a 
climate of humidity and warmth which was ideal for mold growth. 
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Hardenburg (1954) perforated polyethylene bags and noticed an effective 
reduction in relat i ve humidity and subsequent moldiness . He warned, 
however, that such potatoes should be limited in reta i l display to 
only 3 days, wi th reserve stocks being held i n the dark . Therefore, 
bags would seem only to be useful as enclosures to display easi ly 
marketable amounts of tubers and not capable of effect i ng longer per-
iods of quality control . 
Colored lights 
Recognizing that light intensifies chlorophyll and glycoalkaloid 
synthesis, but that i t i s necessary in grocery store displays of tubers, 
an augmentation of l i ght qual i ty and quantity seems most practical in 
tuber quality control . Colored bag experiments owe most of their 
effectiveness to reduced l i ght intensity . Furthermore, consumers are 
suspicious of a bag which hides the true color of the potatoes . Other 
solutions involve changi ng the light above the display area . This 
may be accomplished by using colored lights or various types of filters 
of glass, polyethylene, plastics, or cellophane. 
Conner (1937) performed experiments using glass filters and var-
ious i lluminat i on devices . He measured actual wavelength ranges 
transmitted through each f i lter . His results were mentioned previously 
under prevention of glycoal kaloid and chlorophyll formation . 
Yamaguchi, Hughes, and Howard (1960b) found green and gold fluo-
rescent l i ghts to inhi bit greening most effectively . The colored 
polyethylene did not retard chlorophyll formation enough to be of 
pract i cal value . Of the cellophane films, yellow and tango (amber) 
effectively i nhibited greeni ngo Dark blue, green, and red cellophanes 
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were also inhibitory, but the effective light intensity under the film 
was much lower than that of the yellows . 
Ionizing radiation 
30 
In 1958 Gull and Isenberg reported that chlorophyll formation was 
greatly reduced in potatoes that had received 10,000 to 40,000 roentgens 
with 6 °Co pri or to light exposureo However, the peridermal layers 
acquired moder ate to severe abrasions, leaving the tubers unmarketable. 
This unfortunate situation was further confirmed by Ziegler, Schanderl, 
and Markakis in 1968. 
In other experi ments usi ng 6 °Co gamma irradiation, Schwimmer and 
Weston (1958) found that low exposures (5-50 krads) would strongly 
limit chlorophyll synthesis i n tubers which were illuminated imme-
diately following the treatment. Following a sto rage period of 3 
months prior to illu mi nation, the ability of unirradiated tubers to 
develop chlorophyll was decreased , Conversely, the irradiated samples 
developed chlorophyll at about the same rate as before the delay 
period , 
Patil, Singh, and Salunkhe (1971) included an analysis for glyco-
alkaloids in their study of irr adiation effects on potato tubers . In 
Russet Burbank tubers receiving 10 krads of gamma radiation via a 
137 Cs irradiator, chlorophyll product i on was highly inhibited to only 
20 percent of the control. However, the solanine content of the same 
potatoes remained high at 95 percent of the control value , A higher 
dose of gamma irradiatio n may have further inhibited solanine, but 
tuber deteriorat ion would then become excessive . 
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Hypobaric storage 
Application of subatmospheric pressure (vacuum or hypobaric stor-
age) has been recently proposed as a possible means of preserving 
horticultural commodities. Jadhav, Pati l, and Salunkhe (1973) stored 
potato tubers at 126, 253, 380, 507, and 633 mm-Hg pressure . Tubers 
stored at 126 mm-Hg would not turn green, whil e the other pressure 
treatments proved ineffective in chlorophyll inhibition . No signifi-
cant differences in glycoalkalo i d production could be noted between 
the vacuum stored tubers and the controls . Quality control could not 
be maintained in tubers subjected to high vacuum, which led to a dry 
and shr iveled appearance. 
Controlled atmosphere storage (CA) 
31 
A controlled atmosphere may consist of various mixtures of gases, 
but usually only applies to adjustments of nitrogen, oxygen, and/or 
carbon di oxi de from normal atmospheric compositions to other main-
tained concentrations . The use of CA storage presumes that biochemical 
changes may be slowed down or altered in direction, thereby producing 
a beneficial effect . 
Forsyth and Eaves (1968) investigated CA storage as a possible 
cure for potato greening . No attempts were made to determine changes 
in glycoalkalo id concentrations except by organoleptic testing . Dishes 
containing the potatoes were covered with polyester film, filled with 
an appropriate volume of C02, and illuminated at 210 ft-c (2260 lux) 
for 5 days. The dishes were ventilated each day and re-established 
with the appropriate C02 composition. The cultivars Sebago, Hunter, 
Cherokee, and Kennebec were greened beyond marketabil it y within 48 
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hours at 210 ft-c (2260 lux) in normal atmospheres, but greening did 
not occur for up to a week in tubers under 100 percent N2 or 75 percent 
C02. Off-flavors were noted in potatoes stored under 100 percent N2, 
but none were present in potatoes stored under 75 percent C02. In 
Sebago cv. tubers, 15 percent C02 was determined as the minimum amount 
necessary to prevent chlorophyll formation and maintain palatability . · 
Oxygen was not considered to be a major influence on CA effectiveness, 
but levels needed to be at least 5 percent to prevent anaerobiosis. 
Since no bitter taste was detected in the C02-treated potatoes, glyco-
alkaloid formation was assumed to be diminished at the same time as 
chlorophyll production . 
Ziegler, Schanderl, and Markakis (1968) utilized a C02 treatment 
in conjunction with gamma irradiation and reported a decrease in green-
ing with irradiation, irrespective of C02 treatment, at 4 days of 
illumination . However, at 12 days of illumination greening decreased 
with increasing C02 in the atmosphere, irrespective of irradiation . 
Later, Patil, Singh, and Salunkhe (1971) reported some experimental 
comparisons of CA storage in conjunction with 10 krads of ionizing 
radiation on Russet Burbank potatoes. Tubers in polyethylene bags 
maintained at 15 percent C02 were illuminated for 5 days at 100 ft-c 
(1076 lux) and 21 C. Chlorophyll was reduced to about 68 percent of 
the control with C02 treatment alone, 20 percent with irradiation, and 
18 percent with irradiation and C02 treatments in combination, Total 
glycoalkaloids were reduced to about 85 percent of the control with 
C02 treatment alone, 95 percent with irradiation, and 80 percent with 
irradiation and C02 treatments in conjunction . 
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Applications of chemicals 
Foliar spraying . In the early 19501 s maleic hydrazide was found 
to produce many desirable qualities in potato tubers when applied as 
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a preharvest foliar spray (Paterson et al., 1952; Salunkhe et al . , 
1953). Sprouting was inhibited and color of the fleshy tubers im-
proved, especially for chipping. Schwimmer and \~eston (1958) tried 
maleic hydrazide as a preharvest spray in an attempt to inhibit chloro-
phyll formation, but the harvested potatoes developed just as much 
chlorophyll as the controls . Gull and Isenberg (1958) screened 15 
chelating agents as possible useful foliar sprays in the induced 
inhibition of postharvest greening . Copper gluconate, chelate 600 
NaFe, Sequestrene Na4 , Sequestrene Na2 Cu, and Chelate 330 Fe were 
found effective . There were no significant differences among any of 
these compounds caused by the time of application . Yamaguchi, Hughes, 
and Howard (l960a) noted that a spray application of maleic hydrazide 
3 weeks before potato harvesting displayed a significant increase in 
chlorophyll content over the control . 
Soaking, sponging, and dipping o Foliar sprays require the capacity 
for translocation to the active site. To reduce the uncertainty of 
getting the test chemical directly into the tuber, each individual 
tuber may be covered with the chemical. Various methods of application 
have been used; i . e., sponging, painting, dipping, or infiltrating by 
injection or reduced pressure. 
Schwimmer and Weston (1958) dipped some tubers in chemical solu-
tion for 30 minutes followed by air drying. Other tubers were 11painted 11 
because of scarcity of chemical. Of the three chemicals applied to the 
surface of potato tubers, chloro-IPC, 0-methyl threonine, and 
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3-amino-1,2,4-triazole, only the latter inhibited the synthesis of 
chlorophyll, and then with injurious effects o Such effects limit the 
usefulness of chemical growth modifiers--their poisonous nature on 
the plant commodity, their indestructibility in soil and on machinery, 
and their possible toxi cit i es to human consumption. 
Yamaguchi, Hughes, and Howard (1960a) investigated two inert 
waxes, EDTA, and trans-cinnamic acid on greening in illuminated potato 
tubers. The waxes were sponged on the tuber surface and the other two 
chemicals were applied by dipping . Although the chemicals were not 
effective, one of the wax formulations significantly retarded green-
ing. However, due to resultant internal breakdown caused by anaerobic 
respiration, wax-applications were not then considered profitable , 
The effects of maleic hydrazide (MH), nicotinic acid (NA), and 
gibberellic acid (GA) were investigated by Parups and Hoffman (1967). 
Maleic hydrazide was being tested to determine if it would increase 
toxic glycoalkaloids in tubers. Nicotinic acid could reduce choles-
terol synthesis in animals and yeasts, while GA could decrease levels 
of NA, Chemicals were applied by a reduced-pressure infiltration 
technique . Tubers were submerged in the solutions for 5 minutes at 5 
mm-Hg pressure, air dried, and illuminated 4 days at 100 ft-c (1076 
lux) and 10 C. Regular infiltration with aqueous MH created an in-
hibitory effect on glycoalkaloids . The high concentration of NA 
reduced the total glycoalkaloid content lower than any other treat-
ment. Application of GA increased amounts of these alkaloids at low 
concentrations and decreased them at high concentrations. Potatoes 
receiving water infiltration alone doubled their alkaloid levels over 
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the controls (no treatment)--water apparently activating metabolism 
upon infiltration . 
Sinden (1971) succeeded in inhibiting chlorophyll development in 
Russet Burbank potatoes by dipping them in a 3 percent detergent solu-
tion for 30 minutes prior to illumination at 120 ft-c (1291 lux). In 
the first 48 hours, greening was reduced by 92 percent over the con-
trols . Even after 240 hours of continuous light exposure, inhibition 
remained at over 50 percent. Treatment of other varieties indicated 
an uneven effect related to soaking in detergent. For example, while 
Kennebec and Sebago cultivars both greened rapidly under routine light 
conditions, the soaking resulted in 47 and 33 percent inhibition, 
respectively. Green Mountain cultivar turned green less rapidly, 
but the resulting inhibition was only 14 percent. Some peridermal 
and cortical damage was noticed in the detergent treatment, appearing 
as sunken necrotic areas around the lenticels with the collapse of 
the affected tissue . Potatoes were more susceptible to this damage 
35 
if new or freshly harvested than if stored for 2 months prior to treat-
ment. 
Patil, Salunkhe, and Singh (1971) dipped potatoes in 10,000 ppm 
solutions of the following growth inhibitors: Ethephon, Alar, Cycocel, 
and maleic hydrazide. Solutions were placed in desiccators, potatoes 
were submerged, and air was drawn out by a vacuum pump for 4 minutes. 
Maleic hydrazide and Cycocel were ineffective in controlling either 
chlorophyll or glycoalkaloid synthesis; Cycocel-treated tubers appeared 
even greener than water-treated controls. Both Ethephon and Alar 
were significantly effective in the inhibition of chlorophyll and 
glycoalkaloids; Ethephon was the most effective against chlorophyll, 
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while Alar was the best inhibitor of the alkalo i ds . Ethephon has been 
shown to break down into ethylene, chloride, and phosphate (Warner 
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and Leopold, 1969). Therefore, ethylene probably led to the effective-
ness of Ethrel as a growth regulato r . 
Ethephon was further investigated in regards to alkaloidal forma-
tions in soianwn by Jadhav et al . (1973). They confirmed by radio-
active labeling that some component of Ethephon, likely ethylene, was 
being incorporated into potato glycoalkaloids. They further proposed 
that ethrel may initiate a change in cellular shape, size, and/or 
permeability, with a resultant accumulati on of radioactive substrates 
in the cellular const i tuents . 
Some recent publicat i ons have described beneficial results from 
the use of heat with wax and oils , Wu and Salunkhe (1972b) dipped 
individual tubers in paraffin wax at temperatures from 60 to 160 C 
for one-half second followed by drying and cooling. After illumina~ 
tion, potatoes which were waxed at 160 C nearly stopped formations 
of chlorophyll and glycoalkaloids . Merely heating the tubers at 160 C 
without a wax application showed no control of either chlorophyll or 
glycoalkaloid syntheses. Following the waxing experiment, Wu and 
Salunkhe (1972c) tried dipping tubers for one-half , second in heated 
corn oil ranging from 22 to 160 C. Both chlorophyll and glycoalkaloids 
were significantly reduced by all temperatures of oil treatments in 
each of three cult i vars tested. In this study, oil dipping, instead 
of temperature, was the main factor inhibiting chlorophyll and glyco-
alkaloid formations . 
In a third study, Wu and Salunkhe (1972a) investigated several 
other oils for control of glycoalkaloid and chlorophyll production and 
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made corn oil dilut i ons to determine the minimum amount of oil effec-
t i ve in the inhi bi t i on. Wi th a one-hal f second dip at 16 C, using 
Russet Burbank potatoes, all the oi l t reatment s were equally effective 
in reduci ng the chlorophyll and glycoal kaloi d development to near the 
i nitial uni lluminated value . Oi ls stud i ed for comparison were: corn, 
peanut, olive, vegetable, and mineral . Dilution of corn oil was 
accomplished by the addition of acetone. In a range of mixtures from 
one-half oil, one-half acetone, to 1/128 oil, 127/128 acetone (v/v), 
the last point of inhibition approximating the non-illuminated control 
was obtai ned from a one-eighth oil, seven-ei ghths acetone, di lution . 
Illuminations in al l three papers were carr ied out at 200 ft-c (2152 
lux) and 16 C with 60 percent relat i ve humidi ty (R.H.) for 10 days. 
Among all the methods desi gned to prevent the formati on of 
chlorophyll and glycoalkaloids, ideas should be sought which avoi d 
harm to the potato tuber and to its human consumer. Genetic modifi-
cation would probably be best if spl i t i nheri tance were possible and 
conditions of disease resistance above ground and low glycoalkaloid 
content below ground could be met. A physical modification of the 
storage and display environment which had no change on the chemistry 
of the tuber would be desi rable . However, most of these methods 
would obscure the potato from view and might evoke the suspicion of 
the consumer. Chemical coat i ngs woul d be useful if toxic side effects 
could be avoided, In the search for useful chemicals, often some of 
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a disputed nature can be helpful i n showing relat i onships and providing 
clues to less quest i onable treatments . 
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MATERIALS AND METHODS 
Plant Material 
Potato plants of the cultivar Shurchip were used in the preharvest 
spraying experiment. The plants were sprayed on location at the Utah 
State University experimental farm at Farmington, Utah, and harvested 
2 weeks .later. The tubers used in experiments II and III were Russet 
Burbank cultivars which were selected for uniformity and quality from 
a local retail outlet. 
Illumination 
All potato tubers used were subjected to light following chemical 
or physical treatment in order to induce the formation of chlorophyll 
and glycoalkaloids . Fluorescent tube lights (Sylvania F40 CW [cool 
white]) were employed as the illumination source in all experiments . 
Light intensities were measured with a Weston Illumination meter, 
Model 603. Tubers from the plants receiving preharvest foliar sprays 
were exposed to 200 ft-c (2152 lux) of light at 15.5 C and 60 percent 
R. H. for 7 days. Tubers dipped in different concentrations of N6 -
Benzyladenine were treated likewise . Potatoes used in experiment III 
were adjusted in their distances below the colored cellophane filters 
so that all tubers would receive 50 ft-c (538 lux) of light intensity 
regardless of the color of filtered lights .· The tubers received 
colored li .ghts at this intensity for 10 days at 15.5 C and 60 percent 
R.H. 
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Chemicals 
Chemicals used for preventive treatments were: 4-CPA (Fruitone) 
[p-Chlorophenoxyaceti c acid] from Nutritional Biochemicals Company, 
Cleveland, Ohio; Ethephon (Ethrel)[2-Chloroethylphosphonic acid] in 
2 pounds/gallon concentrated solut i on, from Amchem Products, Inc. , 
Agricultural Chemicals Division, Ambler, Pennsylvani a; Joy brand 
dishwater detergent, lemon scented, from Procter and Gamble, Cin-
cinnati, Ohio; and N6BA (SD 4901 Code 4-1-9-11) [N6-Benzyladenine] 
in solution containing 0.8 percent active ingredient, from Shell De-
velopment Company, Agricultural Research Di vision, Modesto, Cali -
fornia . 
Chemical Application 
Preharvest foliar sprays 
Chemicals were di luted with di st i lled water into solut i ons of 
the following concentrations: 4-CPA to 500 ppm, Ethephon to 10,000 
ppm, Joy brand detergent to 50,000 ppm, and N6BA to 500 ppm. A few 
drops of Triton B-1956 were added to each chemical solution as a sur-
factant . Each chemi cal solut i on was applied to four plants twice 
until runoff, wi th dryi ng in between. Control plants were sprayed 
twice with di stilled water conta i ni ng a few drops of Triton B-1956. 
An open-ended plast i c bag was placed over the plant during sprayi ng 
to avoid chemical contamination to other plants (Figure 6) , The 
average ml dose per plant was 51, 5 ml 4-CPA, 63. 5 ml Ethephon, 40.0 
ml Joy detergent, and 60.0 ml N6BA. 
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Figure 6. Photograph showing method of sprayi ng chemicals on potato 
plant foliage with the ai d of an open-end plastic bag to 
avoid chemical contamination to other plants . 
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Postharvest dipping by 
suction infiltration 
Solutions were prepared in large desiccating jars having air 
access through their lids o Four solutions were made: a control with-
out N6BA, 250 ppm N6BA, 500 ppm N6BA, and 1000 ppm N6BA. After eight 
Russet Burbank tubers were submerged in each solution, the desiccator 
lid was fitted on and 18 pounds of suction were applied for 5 minutes. 
Suction was released and potatoes were allowed to soak for 25 more 
minutes. They were then removed and placed in a 4.5 C cooler to dry. 
Chemical Analyses 
In preparation for extraction and analyses, potatoes were peeled 
on the light-exposed side with a double-edged vegetable peeler. The 
peeler removed about 2 mm of outer peridermal layer with each cutting. 
Only one peeling was made over the potato surface--potatoes were not 
double-peeled . Peelings from the potato samples were cut into small 
pieces with a knife and mixed until one uniform conglomerate sample 
was obta~ned. The pieces were quickly weighed into standard-sized 
amounts for further chlorophyll and glycoalkaloid extractions and 
analyses. 
Chlorophyll analysis 
The Association of Official Agricultural Chemists (1965) method 
for spectrophotometric determination of chlorophyll was followed with 
some modifications for potato tubers. Duplicate 25 g samples of the 
potato peel pieces were placed in a beaker with 75 ml of 85 percent 
cold acetone and about 6 mg of magnesium carbonate (Mg2 C03 ) to make 
basic, following which the mixture was kept in a refrigerator for 1-2 
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hours . The contents were then blended it high speed in a Waring Blender 
for 4 minutes . The slurry was washed out of the blender cup and fil-
tered under suction through a disk of number 4 Whatman filter paper . 
The pulp and filter paper were reblended with 50 ml 85 percent cold 
acetone at medium speed for 4 minutes. Again, it was filtered under 
suction . The remaining pulp was reblended a th i rd time with 60 ml 
85 percent acetone for 4 minutes and refiltered under suction . The 
blender cup was washed twice with 85 percent acetone and washings were 
filtered . 
The filtrate was transferred to a 500 ml separatory funnel . A 
70 ml aliquot of cold anhydrous ether was poured into the funnel with 
the filtrate; the funnel was theD stoppered, and the contents were 
swirled around a small amount. Following this, 100 ml of cold dis-
tilled water were added to the contents of the funnel . The contents 
were again swirled and mixed, wi th intermediate opening of the stop-
cock for gas release. The addition of the distilled water predisposed 
the extracted chlorophyll into the ether band. The acetone-water 
layer was drained from the funnel into another separatory funnel and 
more anhydrous ether was added to reclaim any chlorophyll escaping 
I 
from the first funnel . The second ethe r band was isolated and washed 
into a flask . The first ether band, which retained most of the 
chlorophyll in the original separatory funnel, was washed twice more 
with 100 ml of cold di stilled water to remove most all of the remain-
ing acetone . The final isolated ether band was transferred to the 
flask containing chlorophyll recovered from the first acetone-water 
wash. 
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Boiling chips were added to each flask containing an extraction 
of chlorophyll dissolved in ether . The flasks were heated until the 
ether-chlorophyll volume was reduced to about 75 mls. The contents 
were then filtered through a 1 teaspoon layer of anhydrous sodium sul-
fate (Na2 SOi+) in a funnel plugged with glass wool. The 11dry11 filtrate 
was caputred in a volumetric flask. Subsequent washings of anhydrous 
ether were added through the funnel to remove any chlorophyll from 
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the boiling chips or the Na2 SOi+ and filtered into the volumetric flask. 
The anhydrous ether was made up to 100 mls in the volumetric flask, 
which was then stoppered. 
Colorimetric measurements were read on a Bausch and Lomb Spect-20 
spectrophotometer using pure anhydrous ether as a blank. Optical den-
sities (OD) were measured at both 660 mµ and 642.5 mµ on each extraction 
sample and its duplicate . Amounts of total chlorophyll, chlorophyll a, 
and chlorophyll' b were calculated from equations given in Association 
of Official Agricultural Chemists (1965) which are repeated here: 
Total chlorophyll (mg/1) = (7. 12)(00 at 660) + (16.8)(00 at 
642. 5). 
Chlorophyll a (mg/1) = (9.93)(00 at 660) - (0.77)(00 at 642.5). 
Chlorophyll b (mg/1) = (17. 6)(00 at 64205) - (2.81)(00 at 660). 
Colorimetric readings were determined on the same day as the 
potato tubers were peeled to avoid degradation of chlorophyll and color 
intensity as much as possible . 
Glycoalkaloid analysis 
Extraction and determination of the SoZanum alkaloids were made 
according to the methods of Gull and Isenberg (1960). Duplicate 20 g 
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samples of potato peel pieces from the same potatoes prepared for 
chlorophyll analyses were macerated with 120 ml of 95 percent ethanol 
in a Waring blendor at high speed for 4 minutes . The extract and 
grindings were transferred to a beaker along with two washings of the 
blendor cup amounti ng to 20 ml 95 percent ethanol each. Into each 
beaker, 3 ml glacial acetic acid were added to halt bacterial action . 
The beakers were covered with aluminum foil and placed in a refriger~ 
ator overnight while the chlorophyll analyses were run. 
The acidified alcoholic extracts from each beaker were filtered 
into a separate Soxhlet flask . Each beaker was rinsed with two wash-
ings of 95 percent ethanol, then extra ethanol was added to raise the 
total volume to about 150 ml (filling half of the round-bottomed 
Soxhlet flask) . The filter paper containing the grindings was folded 
and stapled and inserted into the collection tower to act as the Sox-
hlet thimble . The reflux apparatus was assembled, h~at was applied, 
and the Soxhlet extraction was conducted for 24 hours (minimum of 16 
hours required). Following extraction, the grindings were discarded, 
while the hot extracts were poured into evaporating dishes . After 
two washings from the round-bottomed flasks, the contents of each dish 
were evaporated to complete dryness . Heat was applied to speed up 
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the process, but the dishes were removed from the heat when the con-
tents were reduced to a few ml of syrup. Each dry residue was washed 
with 15 ml 5 percent sulfuric aci d (H2S04) and a glass rod was used 
to scrape the residue layers off the sides of the porcelain dish . The 
particulate solution was poured through a fluted filter paper into a 
50 ml glass centrifuge tube . Each dish was again rinsed with 10 ml 
5 percent H2S04. The washings were filtered into centrifuge tubes . 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
After placing the tubes into an ice-water bath, the acidic solutions 
were neutralized with the addition of concentrated ammonium hydroxide 
(NH40H). Then excess concentrated NH40H was added to raise the pH 
above 9. 5 and precipitate glycoalkaloids . The total requirement of 
NH40H approximated 10 ml per tube . Following the pH adjustment, the 
solutions were heated at 80 Cina water bath for about 1 hour in 
order to flocculate the glycoalkaloids; the tubes were then covered 
with Parafilm and kept overnight at 4.5 C. 
The next day the tubes were removed from the cooler and centri-
fuged at high speed for 20 miAutes. Following this sedimentation, the 
supernatant was poured off, and the precipitate was washed with 25 
ml of 1 percent NH40H. After another 20 minutes of centrifugation, 
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the supernatant was agai n discarded . The residue was dissolved in 
about 10 ml of l percent H2S04 and filtered directly into a 100 ml vol-
umetric flask . Extra l percent H2S04 was used to wash the centrifuge 
tubes and filter paper of any particulate glycoalkaloids, then the 
standardization volume was made up to 100 ml with l percent H2S04. 
In order to develop a measurable color from the dissolved alka-
loids, 2. 5 ml of the volumetric solution were pipetted into a test tube 
and cooled in an ice-water bath . For the fol lowing procedures, the 
construction of two reservoir-pipets was necessary . The first had to 
deliver a 5 ml aliquot of concentrated H2S04 drop by drop over a period 
of exactly 3 minutes, while the second had to deliver 2.5 ml of l per-
cent formaldehyde over a period of exactly ,2 minutes. The reservoir-
pipets were made by fusing a short capillary tube to a piece of larger 
glass tubing end to end wi th an opening from the capillary tube through 
to the larger tube . The capillary tips were drawn out and then broken 
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back until the calibrations satisfying the requirements for the H2 S04 
and formaldehyde solutions were met. - A completed reservoir-pipet is 
illustrated in Figure 7. 
Figure 7. Drawing of a typical reservoir-pipet which was prepared for 
the calibrated delivery of either sulfuric acid or formal-
dehyde solutions in the color-developing stage of total 
glycoalkaloid measurements. 
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The reservoir-pipets for concentrated H2S04 and 1 percent formal-
dehyde were clamped side by side on a buret stand. A buret was posi-
tioned over each reservoir-pipet and filled with its appropriate 
solution . With the tube containing 2.5 ml of glycoalkaloids and 1 
percent H2S04 solution placed in the ice bath under the acid capillary, 
5 ml of concentrated H2S04 were transferred to the reservoir-pipet 
from the buret. As the acid dropped into the glycoalkaloid solution 
(for exactly 3 minutes), the tube was shaken vigorously. Just before 
the last drop of acid was introduced into the test tube, the second 
reservoir-pipet was filled with 2.5 ml of 1 percent formaldehyde from 
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its buret . An air pocket in the capillary tip prevented the formalde-
hyde solution from emptying immediately. As the last drop of acid 
entered the glycoalkaloid solution, the test tube and ice-water bath 
were immediately moved underneath the second reservoir-pipet contain-
ing 2.5 ml l percent formaldehyde. When the capillary was flicked 
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with the finger, its contents began to flow and continued drop by drop 
over a period of exactly 2 minutes . As before, the tube was vigorously 
shaken. 
Following the above procedure, each tube of extracted glycoalka-
loids was set aside for 105 minutes to allpw full color development 
to take place . Rosy pink colors of differing intensities characterized 
the various tubes of extractant . The optical density of each test 
solution was read at 565 rnµ on a Bausch and Lomb Spect-20 spectro-
photometer. Amounts of total glycoalkaloids in mg/100 ml standard 
solution were determined using a standard curve of total glycoalkaloids 
vs. optical density at 565 mµ. Total glycoalkaloid contents in mg/100 
g fresh peel were computed mathematically . 
Control of Chlorophyll and the 
Solanum Glycoalkalo i ds 
Experiment I--preharvest 
chemical spraying 
Potato plants were misted with aqueous chemical sprays as referred 
to above. Two weeks after spraying, the tubers were removed from the 
ground, placed in labeled plastic bags, and transported in dark con-
tainers to the laboratory . Upon arrival, the tubers were washed, towel 
dried, and stored in a dark 4, 5 C cooler . A commercial showcase cooler 
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was modified for constant temperature and humidity maintenance at 15. 5 
C and 60 percent R.H. Sliding, clear plastic windows were fashioned 
above the vegetable grids to help maintain temperature and humidity 
and still allow light access to the potatoes . Two fixtures holding 
two F40 CW fluorescent lights each were hung end-to-end along the 
length of the display case. These light bulbs were raised and lowered 
in order to illuminate the food bin at a uniform 200 ft-c (2152 lux). 
Each potato tuber was marked as to its illuminated side and placed in 
the showcase at 200 ft-c, 15.5 C, and 60 percent R.H. for a period of 
7 days. All tubers were then removed and placed back in dark storage 
at 4.5 C until analyses for chlorophyll and total glycoalkaloids could 
be run. 
Experiment II--postharvest application 
of N6-Benzyladenine 
The potato tubers were individually selected from refrigerated 
cartons of number one Russet Burbank potatoes at a local retail firm. 
The tubers were washed, towel dried, divided into four groups, and 
subjected to suction infiltration of N6BA as explained above. After 
drying, each of the four treatments (control, 250 ppm, 500 ppm, and 
1000 ppm) were divided in half. One half was illuminated -for 7 days 
at 200 ft-c (2152 lux), 15. 5 C, and 60 percent R.H.; the other half 
of the four treatments was placed in darkness at 4.5 C for 7 days. 
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Anatomical and histochemical analysis . Small sections of the 
peridermal areas were cut from two potatoes in each of the eight treat-
ments and immediately frozen on dry ice . Sections were obtained from 
the basal, middle, and apical regions of each potato. The quick froz~n 
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sections were placed in precooled vials and immediately stored at -10 C. 
All potatoes were saved for future peeling for other tests . . 
Microscopic sections were sliced on a Model CTD-International 
Harris Cryostat, International Equipment Company, Needham Heights, Mas-
sachusetts. The sections were adhered to glass slides with a modified 
Haupt's adhesive consisting of 80 ml water, 2 g gelatin, 30 ml glycerol, 
and 2 g phenol. Increased amounts of gelatin and glycerol were required 
to insure a strong bond during rigorous staining procedures to follow. 
Bonding with Haupt1 s adhesive was achieved by placing a drop of adhesive 
on a clean glass slide and smearing evenly, leaving a barely noticeable 
layer. Next, 4 percent formaldehyde was added from a dropper . The 
frozen microscopic sections were placed on the drop of formaldehyde 
to straighten out; the drop was then evaporated using a hot air blower. 
Dry slides were placed in the refrigerator until a sufficient number 
of sections were cut to proceed with staining. 
The total glycoalkaloids indigenous to the sectioned cellular 
structures were characteristically stained using a method developed 
by White and Spencer (1964) and Graham and Spencer (1964). The pro-
cedure utilized photographic chemistry to histochemically locate 
alkaloids within tissues . The slides with affixed tuber perioermal 
secti6ns were individually dipped for 2 minutes in cold Riefer 1 s 
reagent (iodine, potassium iodide, and potassium bromide in hydrochloric 
acid solution) diluted 50 percent (v/v) with water. Several ice-water 
rinses followed. Next, each slide was dipped in cold 0.2 M sodium 
thiosulfate (NaS203) for 45 seconds and then passed through several 
ice-water rinses . Treatment with Riefer's reagent forms iodide com-
plexes with the glycoalkaloids in the potato tissues . Dilute NaS203 
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selectively removes most of the iodine bound to prote i ns and carbohy-
drates, but leaves the alkaloid- i odide compounds relatively untouched. 
With the iodine ions acting as a tag on the glycoalkaloids ·with i n the 
cellular matrix, a 1 M silver nitrate (AgN03) solution was dropped on 
the slide and allowed to stand for 5 minutes . Following several cool 
water rinses, the slides were exposed to fluorescent light for 10 
minutes and then treated with a commercial hyd~oquinone-sulfite reduc-
ing solution (developer) for 3 minutes. After rinsing with water, 
the slides could be observed. The addition of AgN03 to ~he tissue 
sections effected a deposit of silver iodide at the site of the alka-
loid. The light exposure and subsequent reduct ion with hydroquinone-
sulfite formed metallic silver at the glycoalkaloid site . Upon 
microscopic examination, the silver deposite resembled dark iron 
filings at the sites of glycoalka l oid concentrations . 
Photomicrographs were taken with a Mamiya-Sekor SLR 1000 DTL 
camera joined to a Zeiss GFL microscope with a Vivitar adapter . The 
microscope was equipped with binocular eyepieces and a vertical tube 
for photographic adaptation . Kohler illumination was adjusted through 
the system to provide highest resolution of the tissue with least 
distortion and aberration. Adjustments of light intensity striking 
the film were made through' alterations of shutter speed and intensity 
of the light source. Most photomicrograph formats were arranged to 
include portions of the flat peridermal cork cells (phellem) for ori-
entation purposes and consistency . Edges of the tissue section were 
avoided as excess glycoalkaloids seemed to collect at these sites from 
non-intact cells. 
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Thin-layer chromatographic· analysis . After sections were cut from 
the experimental potatoes and quickfrozen for microtoming, all potatoes 
were peeled in like manner to those in experiment I and weighed out 
fresh in 5 g portions . Four 5 g portions were obtained from each of 
the eight treatments (control, 250 ppm, 500 ppm, and 1000 ppm N6BA, 
half illumtnated and half stored in darkness) . Extractions of glyco-
alkaloids were made for thin-layer chromatography (TLC) according to 
four methods suggested by Zitnak (1968). These were: (a) ammonia 
precipitation, (b) warm carbonate extraction, (c) hot water extraction, 
and (d) direct organic extraction with ethyl acetate. Zitnak proposed 
that these four extraction procedures be used because not all glyco-
alkaloids behave as alkaloids and, therefore, may not precipitate with 
ammonia at pH values over 10.0. The additional three extraction 
methods were designed to obtain possible water and ammonia-~oluble 
glycoalkaloids. 
Rectangular glass plates (5 cm x 20 cm) were coated with a 250 
mµ layer of silica gel G absorbant . In preparation for spotting, the 
TLC plates were marked with an etching on the side 2.5 cm from the 
bottom~ and again 15 cm up from the first etching . A line was scored 
through the silica gel ,at the second mark extending the width of the 
plate demarcing the endpoint for solvent advancement up the plate . 
Just prior to spotting and plac i ng in solvent chambers, the plates 
were activated at 120 C in dry heat for 1 hour. After a short cooling 
period the plates were spotted with two spots per plate. The left 
hand spot contained either commercially prepared solanine or solanidine, 
while the right hand spot contained an unknown glycoalkaloid mixture 
extracted by one of the four methods proposed by Zitnak (1968). The 
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TLC plates were placed at a vertical slant in a glass chamber that had 
been saturated overnight with~ solvent comprised of methanol:1-butanol: 
acetic acid:water in a ratio of 60:15:15:10, respectively , About 2 
hours were required for solvent ascension to the 15 cm demarcation 
line . After removal from.the chambers, the TLC plates were dried under 
a hood. Spot sep.arati ons on p 1 ates were deve 1 oped in about 4 hours in 
a glass chamber containing iodine fumes. The resolved spots were 
graded according to intensity from one (least) to five (most) and their 
locations were encircled with a ring of dots, since resolution faded 
quickly with time. The centers of the separated spots were determined 
to the nearest mm and Rf values were calculated . Photographs of the 
plates were taKen for future reference . 
Experiment III--colored cellophane 
1 i ght filters 
In order to isolate the experimental potatoes within separate colors 
of filtered light, cardboard boxes were cut open on top and fitted 
around the openings with wooden frames. Colored cellophane was stretched 
over the frames and taped down. Slits were cut into the sides of the 
boxes for ventilation. The position of the slits prevented light from 
re-entering the boxes. All the boxes with their colored cellophanes 
were positioned at a standard distance under the bank of fluorescent 
lights (Figure 8) . Wire mesh was adjusted to different heights on 
sections of 2 x 4 inch (4.5 x 9. 5 cm) lumber inside the boxes so that 
the potato tubers could be supported at an adequate distance to receive 
50 ft-c (538 lux) of l i ght intensity regardless of the color of fil-
tered light (Figure 9) . The wire mesh and open support provided for 
ventilation in cases where the potatoes had to be supported above the 
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Figure 8 , 
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Photograph of four light-boxes as they were positioned under 
fluorescent lights in a small closed room. [Cellophane 
filters shown are green, red, blue, and clear . A few tubers 
may be distinguished beneath the red and blue filters.] 
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B 
c 
Cardboard box 
Colored cellophane 
Wooden frame 
D 
E 
F 
Wire mesh 
Ventilation slit 
Wooden blocks 
Figure 9. A cut-out illustration of a typical light-box showing 
accommodations for aeration and positioning of the potato 
tubers inside. 
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ventilation slits. Ten to 12 potato tubers per box were exposed to 
the different wavelengths of light for 10 days at 15. 5 C and 60 percent 
R.H. At the end of the treatment the tubers were analyzed for chloro-
phyll and total glycoalkaloids as previously described . A spectral 
scan for each sample of colored cellophane was conducted on a Beckman 
Grating Spectrophotomet~r, Model DB-G, equipped with a linear chart 
recorder. 
Statistical Analysis 
All experiments were arranged in a complete randomized design . 
Individual tubers within a given treatment were pooled together so 
that each sample and its replicate were derived from a conglomerate 
mixture. Wherever possible, statistical analyses were computed and 
the means were compared according to a least significant difference 
(LSD) procedure suggested in personal communications with Dr. R. V. 
Canfield, Assistant Professor of Applied Statistics and Computer Science, 
Utah State University (1974). 
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RESULTS AND DISCUSSION 
The results obta i ned from the three experiments indicated that a 
different photoreceptor was active in the synthesis of glycoalkaloids 
as opposed to chlorophyll formation , The growth regulator N6 -
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Benzyladenine was shown to contribute a variety of responses in treated 
potato tubers depending on concentration, length of time between treat-
ment and measurement, and quality and quantity of light exposure. 
Experiment I--Preharvest Chemical Spraying 
' The chlorophyll and alkaloid contents of illuminated potatoes ob-
tained from plants receiving preharvest spray applications of chemicals 
are summarized in Figure 10 and Table 1. Of the four chemicals tested, 
only N6BA (N6-Benzyladenine) was effective in reducing chlorophyll 
synthesis . The amount of inhibition from the control value was 31 per-
cent. The values of chlorophyll recovered after foliar applications 
of Ethephon, Joy brand detergent, and 4-CPA (4-Chlorophenoxyacetic 
acid) were all approximately equal to the control . Glycoalkaloids 
were decreased from the control by both N6BA and Ethephon in the 
amounts of 27 percent and 37 percent, respectively . Both Joy and 4-CPA 
were found to increase the amounts of TGA above that of the control by 
18, 5 percent and 11. 0 percent, respectively . 
Cherry and Anderson (1972) postulated an interference of N6BA 
in the catabolic breakdown of cytokinin-containing transfer-RNA groups 
which subsequently promoted the continuation of normal protein syn-
thesis . The interruption of the onset of senescence retained the 
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Figure 10. A bar graph representing relative amounts of chlorophyll 
and total glycoalkaloids (mean± SD) measured within tubers 
obtained from plants receiving preharvest foliar chemical 
sprays. [Tubers were illuminated at 200 ft-c (2152 lux) 
at 15.5 C, and 60 percent relative humidity for 7 days 
prior to measurement.] 
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Table l. Mean values of total chlorophyll, chlorophyll a, ch 1 orophyll 
b, and total glycoalkaloids determined in potato tubers 
obtained from plants receiving preharvest foliar sprays 
Total Chlorophyll Chlorophyll Total Chemical ch loroEhJ'.11 spray a - b gl,l'.coalkaloids mg/100 g fresh peel 
Control 2 .106 1. 300 0. 806 (0. 080)a (0.057) (0. 023) 
N6BA 1. 459** 0. 881** 0. 578** 
(0.044) (0. 047) (0. 004) 
· Ethephon 2. 132 l.278 00854 
( 0. 138) (0. 083) (0.055) 
Joy 2o 187 10355 0. 832 
(0. 107) (0. 082) (0.025,) 
4-CPA 2. 129 1. 313 00816 
. ( 0. 130) (0. 058) (0.072) 
gstandard deviation from the mean shown in parentheses . 
No standard deviation due to loss of sample replicate. 
*Significant at 0.05 level. 
**Significant at 0. 01 level . 
50.00b 
36. 50* 
(3.54) 
31. 50** 
(4.95) 
59. 25 
(4.60) 
55, 50 ( o. 71) 
structural integrity and functional compartmentation of the cells which 
resulted in continued growth. From these findings one would expect 
the chloroplasts tn the N6BA-treated potatoes to be maintained and 
continue chlorophyll production similar to that of the control . It 
is possible that a light mediated reaction may deter N6BA from its 
usual regulatory function in regard to chlorophyll formation . Lieber-
man and Kunishi (1972) suggested a similar interference by light in 
overcoming ethylene-induced growth inhibition . Perhaps this in turn 
would explain why Ethephon application resulted in maintenance of 
chlorophyll production at levels similar to the control. 
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The interpretation of the effects of N6BA and Ethephon on glyco-
alkaloid synthesis is dependent on the light recept i on mechanism and 
subsequent activation of the synthetic process as to growth response 
or as to regression toward senescence . As mentioned previously, Wolf 
and Duggar (1946) found that more of the glycoalkaloids disappeared 
from the aerial shoots of the plant than could be accounted for in the 
tubers at maturity. Furthermore, these alkaloids were characteristic 
in areas of high metabolic activity, notably in the new leaves and 
shoots of the plant . Consequently, the Solanwn alkaloids would prob-
ably be considered as a characteristic of the growth process rather 
than of senescence. 
Though both the glycoalkaloids and chlorophyll are formed in the 
peridermal layers of potato tubers in response to l i ght, the two 
synthetic processes are not linked to the same pathway (Conner, 1937). 
The photoreceptor(s) for these alkaloids may be a phytochrome-type 
system. Data from experiment II seem to indicate this possibility. 
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Since the active agent in Ethephon is derived ethylene, the 
affected tissues typically demonstrate ethylene-mediated responses . 
Assuming that the productions of glycoalkaloids are growth responses 
and not characteristics of degradation, the interference in the system 
by ethylene would be expected to reduce such synthetic processes . 
Jadhav et al . (1973) found that compounds which release ethylene upon 
metabolic breakdown can inhibit formation of glycoalkaloids . 
Effects of N6BA on glycoalkaloid syntheses are not as easily in-
terpreted as those of Ethephon. Most of the reported effects of N6BA 
demonstrate its enhancement of growth responses; however, data from 
experiment II seem indicative of multiple response capabilities 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
regarding N6BA, Possibilities of multiple effects are dependent upon 
concentration, presence of additional growth regulators, maturity of 
the treated tissue, and species of plant treated. Salisbury and Ross 
(1969) noted some multiple response relations with red and blue lights 
on plants . Other authors (Black and Vlitos, 1972) have reported that 
any action of the cytokinins on plants may depend on the presence or 
absence of red light . Consequently, the diverse responses of N6BA may 
be due to outside effects other than its own presence . 
Foliar applications of a detergent (Joy brand) were attempted 
since detergents were used previously as retardants to the syntheses 
of glycoalkaloids (Sinden, 1971). In that case, however, detergents 
were applied directly to the tuber . There is some question as to 
whether the active growth retarding factor could be translocated from 
the aerial organs of the potato plant to the tuber . This leads to two 
alternative postulates: either the detergent or the necessary metabo-
lite reached the tubers and directly enhanced the synthetic pathways 
of the glycoalkaloids, leaving the chlorophyll pathway unaffected; or, 
the detergent itself did not reach the tubers and could not affect 
chlorophyll development, but some stress originating in the foliage 
augmented the usual response(s) in the glycoalkaloid pathways within 
the tubers . The first alternative would seem less favorable because 
the nature of the detergent or its metabolite would tend to interfere 
with most enzymatic pathways and both glycoalkaloids and chlorophyll 
would likely be inhibited . This dual inhibition does occur when the 
tubers themselves are soaked in detergent solutions (Sinden, 1971). 
If the second alternative were true, then chlorophyll would be un-
affected by the treatment. Assuming that glycoalkaloids are present 
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in potatoes as a deterrent to insectal or fungal attack, increased pro-
duction capabilities of these chemicals could be seen as an immunologi-
cal response . If the stress of the detergent on the leaf mesophyll 
resembled some parasitic intrusion, a response factor could have been 
transferred to all portions of the plant, including tubers, directing 
an increased capability in glycoalkaloid production . One such example 
was reported by Locci and Kut (1967). They reported many isoprenoid 
derivatives including the steroidal glycoalkaloids a-solanine and a-
chaconine accumulating in the tubers of two cultivars inoculated with 
either Helminthosporiwn carbonwn, a pathogen of corn, or two incom-
patible races of potato late blight (Phytopht hora in festans). The 
authors further suggested that the accumulati on of the compounds was 
a direct consequence of the physiological stress induced by the fungal 
invasions. 
The responses of light-exposed potato tubers to 4-CPA is difficult 
to analyze because little is known about the chemical implications of 
its known actions on plants . Commercially, 4-CPA, or Fruitone, is 
applied to flowers to induce parthenogenesis in fruits . The chemical 
acts as a growth hormone on the undeveloped carpels, rather than as 
a genetic stimulant in the embryonic seed. Apparently, this growth 
agent had no effect on the rate of chlorophyll production, but the 
total glycoalkaloids were slightly increased . The hormone may enter 
into the light-sensitization process or at some point further along 
the pathway of glycoalkaloid synthesis, resulting in a partiality for 
glycoalkaloid production. 
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Experi~ent II--Postharvest Applic ation 
of N6-Benzyladenine 
Preliminary observations of 
N6-Benzyladenine dipping 
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At the end of the illumination peri od, the Russet Burbank potatoes 
which had been dipped in N6BA displayed considerable pitting . The 
dark-held tubers exhibited some netting and reticulation along cracks 
in the periderm, but none of the sunken blotches which were prevalent 
in the light-exposed tubers. The 500 ppm concentration of N6BA caused 
the greatest amount of pitt i ng. Controls which received the suction 
infiltration, but no growth retardant, were free from damageo Sinden 
(1971) noted similar necrotic areas after immersing Kennebec tubers 
in a 3 percent detergent solution for 30 minutes . He also found that 
new potatoes and those purchased from retail outlets were more sus-
ceptible to pitting than tubers which were treated following 2 months 
of storage . The N6BA treatment used here may have inflicted a breakdown 
in some of the corky phellem layers in the periderm. The cracking and 
reticulation would indicate an increase in suberin in the natural netted 
creases of the Russet Burbank tubers, forming a thicker periderm and 
resulting in greater mechanical protection from further wounding. Free-
hand sections of the pitted, sunken areas on the light-exposed tubers 
revealed a translucent whit e tissue beneath . Iodine staining showed 
intact, but larger than normal, starch grains . In parenchymous tissue 
the starch grains were mostly distributed outside the cellular matrix, 
indicating cell damage. Since the starch deposits had maintained their 
scale-like integrity, the injured areas were not regarded as heat 
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damaged by the exposure to intense light; rather, the cellular deteriora-
tion was most likely due to the chemical treatment . 
Anatomical and histochemical analysis 
The staining procedure for potato glycoalkaloids adapted from 
White and Spencer (1964) proved to be harsh on frozen peridermal sec-
tions. Difficulty was met in adhering the sections to the slides 
even when using a modified Haupt1 s adhesive which contained extra gel-
atin. Some of the microscopic sections obtained were inconsistent 
with preconceived notions as to the distribution of the glycoalkaloids 
within potato tubers. Since N6-Benzyladenine demonstrated various 
effects on other tissue, though, perhaps the histochemical analysis 
was correct in showing some inconsistencies within treatments o An 
involved examination into the normal gradients and distributions of 
the glycoalkaloids wi thin the tuber would be helpful prior to analyzing 
the chemical modifications of glycoalkaloid distribution. 
Upon examination of the slides, it was noticed that portions of 
the cellular matrix lying close to the cutting edge seemed to accumu-
late the uncontained alkaloids in one thick mass, as demonstrated in 
Figure 11. Note that the appearance of the glycoalkaloids resembles 
small iron filings on the photomicrograph. Figure 12 exhibits some 
thick areas of alkaloidal deposition within the block-shaped phellem 
cells in the periderm. The glycoalkaloids can be seen clinging to the 
cell walls in this photograph. 
The section represented in Figure 13 was obtained from a potato 
tuber infiltrated with 1000 ppm N6BA and illuminated at 200 ft-c (2152 
lux) for 7 days. The section is highly stained and indicates 
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Figure 11. Photomicrograph indicating dense accumulations of glyco-
alkaloids as dark specks (arrows a and b) along cut edge 
of potato tuber peridermal tissue. [llOOX magnification] 
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Figure 12. Photomicrograph demonstrating the clinging of glycoalkaloids 
to the phellem cell walls in the peridermal area of a potato 
tuber. [llOOX magnification] 
Figure 13. Photomicrograph indicat i ng dense amounts of glycoalkaloids 
in the phellem (arrow a) and cortical (arrow b) layers and 
particulate deposits (arrows c and d) in the phelloderm 
layer of a tuber soaked in 1000 ppm N6-Benzyladenine and 
illuminated at 200 ft-c (2152 lux) at 15.5 C and 60 percent 
relative humidity for 7 days. [llOOX magnification] 
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glycoalkaloid deposition to some extent in all intact cells . Some 
areas are more highly stained than others . This was found true in 
most all sections observedo The sites of individual glycoalkaloid 
deposits seemed to vary in their concentrations throughout the tissue. 
Figure 14 was obtained from tuber tissue infiltrated with 250 ppm 
N6BA and exposed to light at 200 ft-c for 7 days. Staining continues 
to be thick though generally less than in Figure 13. The tissue sec-
tion represented by Figure 15 was obtained from a tuber which received 
a suction infiltration treatment with distilled water and was stored 
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in the dark at 4. 5 C for 7 days. There are less glycoalkaloids through-
out the tissue and especially in the block-shaped phellem cells. 
Other authors have concurred that the glycoalkaloids distributed 
in potato tubers are in highest concentration in the peridermal layer 
and especially in the cells just beneath the skin surface (Reeve, 
Hautala, and Weaver, 1970). No precise histochemical studies of 
glycoalkaloid distributions have been reported, however, The method 
used here (White and Spencer, 1964), though harsh, is still deemed 
useful, especially with further modifications in the embedding and 
slicing procedure. If the tissue sections from the tubers could be 
freeze-dried and then embedded in paraffin wax under suction, the micro-
tomed tissue would probably better withstan d the abusive stain i ng and 
washing procedures. A series of alcohol dryi ng solutions is not 
recommended since the vari ous alcohols would probably leach out some 
of the glycoalkaloids from the treated tissue. 
Thin-layer chromatographic analysis 
In previous publications (Zitnak, 1968; Sinden, Goth, and O'Brien, 
1973), the solvent system used for glycoalkaloid separations has been 
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Figure 14. Photomicrograph showing moderate amounts of glycoalkaloids 
deposited in the periderm of a tuber soaked in 250 ppm N6 -
Benzyladenine and illuminated ·at 200 ft-c (2152 lux) at 
15. 5 C and 60 percent relative humidity for 7 days. [In-
dividual phellem cells can be distinguished (arrow), llOOX 
magnification . ] 
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Figure 15, Photomicrograph indi cating relatively little amounts of 
glycoalkaloids deposited in the periderm of a tuber soaked 
in distilled water and stored in darkness at 4.5 C and 60 
percent relative humidity for 7 days. [llOOX magnification] 
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1-butanol:acetic acid:water (10:3:l) . Preliminary use of this solvent 
resulted in low Rf values for solanine and chaconine and poor separa-
tion of the two compounds. Furthermore, some of the separations ob-
tained from non-ammonia extr actions were not sufficiently isolated to 
obtain separate Rf values. Several other solvent mixtures were tried 
including methanol, 1-butanol, 1-pentanol, acetic acid, and water in 
various combinations. The mixture found best for separation of 
chaconine and solanine and other extracts was methanol:1-butanol:acetic 
acid:water (60:15:15:10) . 
Summaries of the spot separations obtained through the various 
treatments and extraction procedures are presented in Table 2 and 
Figure 16. The relative intensities and Rf x 100 values are also 
represented. Although some plates had a commercial preparation of 
solanine as a control while others had solanidine as controls, these 
plates were further divided among the four saturation chambers so that 
any variability from chamber to chamber could be noted and all un-
knowns would have two each of the control compounds within the same 
chamber. 
Figure 16 represents a compilation of the data from Table 2 for 
purposes of noting the numbers of spot separations and their relative 
intensities within each treatment . The numerals inside the circles 
were obtained by averaging the intensities from all treatments of 
N6BA. The left side of each extraction treatment column shows results 
from dark-held tubers and the right side represents those from illumi-
nated tubers. The spot separations for the control columns were 
obtained from plates receiving commercial preparations of solanine and 
Table 2. Summary of thin-layer chromatographic data obtained through 
four extraction procedures for potato tubers which were 
dipped by suction infiltration in various concentrations of 
N6 -Benzyladenine (N6BA). 
Ammonia ~reci ~i tati on Warm carbonate extraction 
Rf Dark Light Dark Light 
x ppm N6BA ppm N6BA ppm N6BA ppm N6BA 
100 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
LO 0 0 LO 0 0 LO 0 0 LO 0 0 
0 N LO ,-- 0 N LO ,-- 0 N LO ,-- 0 N LO 
100 
3 2 4 
80 4 3 -
2 3 
40 
2a 2 3 5 2 2 3 4 3 2 - 5 
1 5 4 4 3 1 
1 4 2 4 3 1 4 
3 3 4 4 4 
-5 
60 
4 
20 
0 
aCharted numerals from 1 to 5 represent relative optical intensities of 
the TLC spot at that location [l = least and 5 = most]. 
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Hot water extraction 
Dark 
ppm N6BA 
0 
0 0 0 
LO O O 
O N LO r- 0 
4 2 3 3 
2 3 
2 1 
1 1 
Light 
ppm N6BA 
0 0 
L.() 0 
N LO 
3 3 
1 
0 
0 
0 
0 
5 
4 - 5 
3 
1 
Ethyl acetate extraction 
Dark 
ppm N6BA 
0 
0 0 0 
LO O O 
N LO O 
5 5 5 
5 5 5 - 5 
5 
1 1 
Light 
ppm N6BA 
0 
0 0 0 
LO O O 
N LO 
4 5 5 -
1 1 
1 
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Rf 
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100 
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80 
60 
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Figure 16. 
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of spots at each Rf value x 100 location. Control spots 
were obtained from spottings with commercial preparations 
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solanidine. The second set of control separations was obtained from 
plates which were run at the same time as the rest of the extractions 
from illuminated treatments . 
All treatments extracted with ammonia revealed two spots per un-
known. In most regards these separations matched the Rf x 100 values 
of the chaconine and solanine coRtrols . However, the spots represent-
ing potatoes from the 250 ppm N6BA-dark treatment were more intense 
than those derived from the 1000 ppm N6BA-dark treatment . All three 
concentrations of N6BA in the tubers exposed to light showed equal 
and intense amounts of solanine and chaconine. It would seem that in 
this case N6BA promotes the formation of glycoalkaloids in the dark 
and is even more influenced in that direction in the light . The 
increased effect of N6BA in light concurs with the previously cited 
statement by Black and Vlitos (1972) regarding the potentiation of 
red light on cytokinins. There is still the problem of N6BA reducing 
glycoalkaloids in experiment I and increasing them here . In research 
into the metabolism of N6-Benzyladenine, Fox et al. (1972) found at 
least two derived compounds of N6BA following its addition to tobacco 
tissue cultures . The original N6BA, its riboside, and its ribotide 
were only transient and not considered as active forms. An inter-
mediate monophosphate lasted for a short period of time (12 days) 
followed by the increase of a remarkably stable unknown compound which 
persisted for more than 60 days. The tubers in experiment I would 
have been most influenced by the terminal persistent compound, but 
those in experiment II would have been more influenced by the mono-
phosphate intermediate. Perhaps these two metabolites are variable 
in their influences as well as in their persistence. 
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In Zitnak's (1968) study of th i n-layer chromatographic separa-
tions of glycoalkaloids, the non-ammonia treated extracts contained a 
multitude of unknowns. Similarly, the glycoalkaloids from the N6BA-
treated tubers also produced many spots of unknown identity. The warm 
carbonate extraction usually led to three entities, the middle Rf 
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valued one probably representing one of the two prominent glycoalka-
loids--solanine or chaconine. The Rf values of the controls were in 
close proximity to the middle spot of the unknowns in this case. The 
intensities of the unknown spots were not essent i ally affected by either 
the N6BA concentrations or the light or dark treatments . 
The hot water extraction commonly resulted in two or three separ- . 
ations of repl i cable intensities . Similar results were obtained wi th 
the ethyl acetate extract i ons. None of these spots were essentially 
affected by the original chemical or illumination treatments. 
Experiment III--Colored Cellophane 
Light Filters 
Figure 17 and Table 3 summarize the chlorophyll and glycoalkaloid 
measurements from potato tubers receiving different colors of light. 
Tubers which were illuminated through red, orange, yellow, and violet 
filters all exhibited a decrease in total chlorophyll production as 
compared to the control . In each of these four colors the concentra-
tions of chlorophyll b were reduced by greater amounts than were those 
of chlorophyll a . Yamaguchi, Hughes, and Howard (1960a) also found 
reductions in total chlorophyll syntheses following exposures of tubers 
to amber and yellow wavelengths. One might expect red light to yield 
a greater amount of the chlorophylls than that indicated here . The 
Figure 17. A bar graph representing relative amounts of chlorophyll and total glycoalkaloids (mean± SD) measured within tubers illuminated at 50 ft~c (538 lux) through colored 
cellophane filters at 15. 5 C and 60 percent relative humidity for 10 days. 
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Table 3. Mean values of total chlorophyll, chlorophyll a, chlorophyll 
b, and total glycoalkaloids determined in potato tubers 
illuminated through colored cellophane filters 
Color of Total Chlorophyll Chlorophyll Total 
cellophane chl oroehtll a b glicoalkaloids 
filter mg/100 g fresh peel 
Clear 4.360 2.290 2.070 (0.640)a (0.034) (0.631) 
Red 4.021 2. 146 1.875 
(0.640) (0.539) (0.263) 
Orange 2. 996** 1.902 l. 094* 
(0.010) (0.014) (0.004) 
Yell ow 2. 588** 1.624 0.964* 
(0.020) (0.028) (0.008) 
Green 4.384 2.227 2. 157 
( 0. 396) (0.056) (0. 447) 
Blue 4. 618 2.422 2. 196 
(0. 507) · (0 .287) (0.501) 
Violet 3.98\ 2. 359 1.624 
gstandard deviation from the mean shown in parentheses . 
No standard deviation due to loss of sample replicate . 
*Significant at 0.05 level. 
**Significant at 0.01 level. 
49.50 
(0. 71) 
42. 50* 
(3.51) 
52.00 
(6.36) 
57.00 
(2.83) 
35. 75* 
(2. 47) 
45.50 
(6. 36) 
42. 50 
(2.12) 
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discrepancy may be due to the low intensity of light used. Salisbury 
and Ross (1969) noted some different i al effects of red and blue wave-
lengths on phytochrome activation when the light intensities were 
manipulated over a low to high range. 
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The absorption spectra of the colored cellophanes are summarized 
in Figure 18. It should be noted that all of the cellophane filters 
allowed passage of red light . All filters blocked passage of blue and 
violet lights except for clear, blue, and violet cellophanes. Absence 
of orange light appeared to be a factor in reduction of glycoalkaloid 
synthesis. All of the colors of light tested were able to reduce 
glycoalkaloid concentrations except orange light which produced a 
slight increase. Next to orange, the yellow filter induced the least 
inhibition of glycoalkaloid formation o The greatest reduction occurred 
in tubers beneath the green filter; red and violet exhibited a moderate 
inhibition . Conner (1937) reported similar findings in that green 
and green with infra-red wavelengths were the most limiting to alka-
loidal production . Since neither chlorophyll nor the alkaloids 
responded to the same wavelengths of light, Conner concluded that their 
synthetic pathways must be dissimilar . The effectiveness of green 
light in decreasing glycoalkaloid production may reveal a phytochrome 
involvement in the syntheses of these compounds, since the energy-
absorbing forms of this photoreceptor (phytochrome 660 mµ and 
phytochrome-730 mµ) are themselves green. In addition, far-red light 
converts the active form of phytochrome at 730 mµ to the inactive form 
at 660 mµ. Thus, both green light and far-red or infra-red light 
could inhibit glycoalkaloid formation if it were monitored by the 
phytochrome systemo 
Figure 18. A line graph demonstrating the spectral transmission of light ranging from 300 to 
800 mµ through several different colors of cellophane filters . [The approximate 
spectra l color divisions in visible light are indicated at the top of the graph 
and correspond to the wavelength divisions below. ] 
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SUMMARY AND CONCLUSIONS 
Chlorophyll and steroidal glycoalkaloids are normally synthesized 
in the outer peridermal t i ssues of potato (soZan:um tuberosum L.) tubers 
when stimulated by light exposure. The usual formations of these com-
pounds may be modi fied by chemical or physical treatments or by changing 
the quality or quantity of illumination . 
Three methods of modification were studied here . Preharvest chem-
ical applications were made on potato plants in an effort to evoke 
biochemical changes in the unharvested tubers. Such tubers were found 
to exhibit reductions in glycoalkaloids following Ethephon treatments 
and in both chlorophyll and glycoalkaloids after N6-Benzyladenine 
{N6BA) treatments. Ethephon's restriction of the glycoalkaloids was 
probably due to its metabolic conversion to ethylene and subsequent 
inhib i tion of the alkaloidal synthetic pathway, The N6BA usually acts 
as a senescence retardant and thus can be seen reducing the glyco-
alkaloids which normally increase in potato tubers upon maturity. In 
addition, it may be highly influenced by the quality and quantity of 
light irradiating it . This may have contributed to its unusual effect 
on chlorophyll formation . 
Since N6BA seemed capable of initiating unusual responses in 
potatoes, it was used exclusively in a second experiment . Tubers were 
soaked in three concentrations of N6BA (250, 500, and 1000 ppm) plus 
a control (distilled water) . One-half of all tubers were stored in 
darkness while the others were illuminated at 200 ft-c (2152 lux) for 
7 days (15. 5 C and 60 percent R.H.). The results obtained by thin-layer 
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chromatography indicated that at low concentrations N6BA promoted the 
formation of glycoalkaloids even in the tubers stored in darkness c 
Higher concentrations of the growth regulator were more inhibitory to 
alkaloidal formations . Subsequently, this particular cytokinin appears 
capable of inducing multiple responses in potatoes with or without 
light exposure. 
Microscopic investigations of N6BA-treated potatoes and control 
tubers indicated an uneven dispersion of glycoalkaloids within the 
peridermal cell layers . While cells in the phellem layer exhibited a 
uniformity of glycoalkaloidal density within treatments, the underlying 
parenchymatous tissue showed some sites to be more concentrated i n 
glycoalkaloids than others . 
A third experi ment pertained to the responses of tubers exposed 
to different colors of lights. The colors were obtained by passing 
cool white fluorescent light through colored cellophane filters. 
Orange and yellow lights were the most inhibitory to chlorophyll pro-
duction, while green light was the most effective against the forma-
tion of glycoalkaloids. If phytochrome were involved in the formation 
of glycoalkaloids, then green light would be expected to retard 
alkaloidal syntheses since the phytochromes are themselves greenish 
and would reflect the i ncoming energy rather than absorb it. 
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Table 4. Analysis of variance (ANOVA) for total chlorophyll contents 
obtained from potatoes in experiment I 
Source 
Treatment 
Error 
Total 
df 
4 
5 
9 
SS 
0. 7455 
0.0556 
0. 8011 
LSD: 0.212 at 0.05 level 
0.355 at 0.01 level 
MS 
0. 1864 
0.0111 
~Tabular value for F-distribution at 0.05 level. 
Tabular value for F-distribution at 0.01 level. 
F 
16.7928 a 5. 1922b 
11. 3920 
Table 5. Analysis of variance (ANOVA) for chlorophyll a contents 
obtained from potatoes in experiment I 
Source df SS 
Treatment 4 0.3020 
Error 5 0.0224 
Total 9 0. 3244 
LSD: 0.135 at 0.05 level 
0.226 at 0.01 level 
MS 
0.0755 
0.0045 
aTabular value for F-distribution at 0.05 level. 
bTabular value for F-di~tribution at 0.01 level. 
F Ftab 
16. 778 a 5. 1922b 
11. 3920 
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Table 6. Analysis of variance (ANOVA) for chlorophyll b contents 
obtained from potatoes in experiment I 
Source df SS 
Treatment 4 0. 1024 
Error 5 0.0092 
Total 9 0. 1116 
LSD: 0.086 at 0.05 level 
0.143 at 0.01 level 
MS 
0.0256 
o. 0018 
gTabular value for F-distribution at 0.05 level. 
Tabular value for F-distribution at 0.01 level. 
Table 7. Analysis of variance (ANOVA) for total 
obtained from potatoes in experiment I 
df SS 
Treatment 4 1148. 3750 
Error 4 58.6250 
Total 8 1207. 0000 
LSD: 9.996 at 0.05 level 
17.570 at 0.01 level 
MS 
287.0938 
14.6563 
aTabular value for F-distribution at 0.05 level . 
bTabular value for F-distribution at 0.01 level . . 
F Ftab 
14.2222 a 5. 1922b 
11. 3920 
glycoalkaloid contents 
F Ftab 
19.5884 6. 3883~ 
15.9770 
I 
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Table 8. Analysis of variance (ANOVA) for total chlorophyli contents 
obtained from potatoes in experiment III 
Source df SS MS F 
92 
Treatment 6 
16 
22 
8.6212 
4.5168 
13. 1380 
1. 4369 
0.2823 
5.0900 a 2. 741 \ 
4.2016 
Error 
Total 
LSD: 0.733 at 0.05 level for red 
0.803 at 0.05 level for orange and yellow 
1.188 at 0.01 level for orange and yellow 
0.656 at 0.05 level for green and blue 
1.037 at 0.05 level for violet 
aTabular value for F-distribution at 0.05 level. 
bTabular value for F-distribution at 0.01 level. 
Table 9. Analysis of variance (ANOVA) for chlorophyll a contents 
obtained from potatoes in experiment III . 
Source df SS MS F Ftab 
Treatment 6 1. 1034 0. 1839 1. 7187 2.7413a 
Error 16 1. 7127 0.1070 
Total 22 2.8161 
aTabular value for F~distribution at 0.05 level. 
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Table 10. Analysis of variance (ANOVA) for chlorophyll b contents 
obtained from potatoes in experiment III 
Source df SS MS F 
93 
Treatment 6 
16 
22 
3.8163 
2.8951 
6. 7114 
0.6361 
o. 1809 
3.5163 2.7413a 
Error 
Total 
LSD: 0.587 at 0.05 level for red 
0.643 at 0.05 level for orange and yellow 
0.525 at 0.05 level for green and blue 
0.830 at 0.05 level for violet 
aTabular value of F-distribution at 0.05 level. 
Table 11. Analysis of variance (ANOVA) for total glycoalkaloid 
tents obtained from potatoes in experiment III 
Source df SS MS F 
Treatment 6 353.7344 58.9557 3.8695 
Error 9 137. 1250 15.2361 
Total 15 490.8594 
con-
Ftab 
3.3738a 
-------------------------~---------------------------------------------
LSD: 6.20 at 0.05 level for red 
7.15 at 0.05 level for orange, yellow, green, blue, and violet 
aTabular value of F-distribution at 0.05 level. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
VITA 
Robert Bruce Jeppsen 
Candidate for the Degree of 
Master of Science 
Thesis: Formation and Anatomical Distribution of Chlorophyll and 
Glycoalkaloids in Potato (soianwn tuberoswn L.) Tubers and 
Their Control by Physical and Chemical Treatments 
Major Field: Toxicology 
Biographical Information: 
Personal Data: Born January 24, 1945, in Ogden, Utah, son of 
A. Russell and Viola Allen Jeppsen. 
Education: Attended elementary and junior high schools at Mound 
Fort School in Ogden, Utah; graduated from Ben Lomond High 
School, also in Ogden, in 1963; attended Weber State College 
in Ogden, Utah, 1963-67; received the Bachelor of Science 
degree from Weber State College, with a major in Botany and 
minors in Chemistry and Library Science, in 1967; attended 
Utah State University for one year, 1967-68; returned in 
1971 to complete requirements for the Master of Science 
degree, which was conferred in 1974. 
Professional Experience: N.I.H. Fellow at Utah State University, 
1967-68; employed by Weber State College Botany Department 
as a laboratory technician, 1969-71; research assistant at 
Utah State University, 1971-74. 
94 
